| ИС RODASGUPTA 


А 
НАМОВООК 


PRACTICAL 
PHYSICS 


сь ж 


Pror. CHITTARANJAN DASGUPTA, M. Sc. 
Head of the Department of Physics, City College, Calcutta, 


A 
HANDBOOK 


PRACTICAL 
PHYSICS - 


For B. Sc. (Pass) 


1988 S m { 


Book Syndicate Private Limited 


2 RAMNATH BISWAS LANE CALCUTTA 700 009 


Published by : 

Sree P. C. Bhowal 

For Book Syndicate (P) Ltd 
2 Ramnath Biswas Lane 
Calcutta 700 009 


First Edition—January, 1985 


Second Edition—May, 1987 
Reprinted—1988 


Illustrations by Sri Amal Dasgupta 
Cover designed by Sri Sunil Sil 


5 20 
DAS 
Price: Rupees Thirty Five only 


ОРАТ, W.B. LIBRARY 
Da: 43-3.29 
Acen. No... 24! 8. dS 


Printed by : 

Sree Biplab Bhowal 
For Savitri 

17 Budhu Ostagar Lane 
Calcutta 700 009 


Preface to the second edition 


I have the pleasure in presenting the second edition of the book 
entitled ‘A Handbook of Practical Physics’ to the readers. Copies of 
the first edition having been exhausted in a reasonably short time, the · 
book may be supposed to have gained popularity among the students. 
In this edition, the syllabus of the newly established Vidyasagar 
University has been fully covered. 


In this edition, some mistakes that crept in the first edition, have 
been rectified. I hope that this edition will be able to meet the labora- 
tory requirements of the students better than before. 


City College, Calcutta C. R. Dasgupta 


Department of Physics | 
15th May 1987 


Preface to the first edition 


The book is written according to the B.Sc. (Pass) Physics practi- 
cal syllabus of Indian Universities—particularly the Universities of 
Calcutta, Burdwan and North Bengal. In writing the manuscript of 
the book, I have always kept in mind the deficiencies of the common 
students which I experienced during my long association with the 
students in the laboratory. Detailed instructions about each experi- 
ment, the possible sources of error, the precautions to be taken against 
those sources etc. have been thoroughly discussed in the text. In 
following the practical syllabus of degree course, the students will 
have to handle some instruments like microscope, barometer etc. 
with which they are not previously acquainted. In order to acquaint 
them with such instruments, I have given a few preliminary experi- 
ments—like the determination of the bore of a capillary by microscope 
etc—at the beginning of the book. It will be good for the students 
if they perform these experiments before going in for the actual syllabus. 


The first edition, as it has been hurriedly passed through the 
press, may contain mistakes both printing and otherwise. I shall 
feel very much obliged if such mistakes are brought to my notice. 
I shall feel happy if the book is found helpful by the students for whom 
it is intended. Р 


City College, Calcutta с. R. Dasgupta 


Department of Physics | 
10th January, 1985 


20. 


Syllabus of Practical (Pass) Physics 


Calcutta University 


Determination of gamma by Searle’s method. 

Determination of Y by flexure of beam (single length only). 
Determination of modulus of rigidity by (a) Statical method (b) Dynamical 
method. ч 

To determine the МЛ. of a body about an axis passing through its centre 
of gravity. 

Measurement of surface tension of water with the help of capillary tubes 
(capillary tubes to be supplied). 

Viscosity of water by Poiseuille’s method (diameter of the tube to be 
measured by microscope). 

Coefficient of linear expansion of a metal by (a) Travelling microscope 
(b) Pullng:r's method by using optical lever. 

Pressure coefficient of air. 

Refractive index of liquid and the material of convex lens by using a 
convex lens and a plane mirror. 

Focal length of a concave lens by method of combination. 

Adjustment of spectrometer for parallel rays by Schuster's method and 
to determine R.I of the material of a prism by minimum deviation method. 
To draw i—§ curve of a prism by a spectrometer and hence to find out 
the angle of minimum deviation. 

To determine the radius of curvature of a lens by Newton's ring method. 
To calibrate a polarimeter and hence determine the concentration of 
sugar solution (Mother solution to be supplied). 

To determine (ће moment of a magnet and horizontal component of 
Earth's magnetic field by deflection magnetometer. 

Dip by Earth inductor. 

De'ermination of re istance pcr unit length of bridgewire by Carey Foster's 
method and hence determination of unknown resistance. 

De'ermination of resistance of a galvanometer by the method of half 
deflcc'ion. 

Determination of figure of merit of а galvanometer. 

Measurement of current by potentiometer (using P.O. Box for measure- 
ment of resistance of potentiometer). 

Det: rmination of temperature coefficient of the material of a coil of wire 


using a metre bridge. 
To determine the reduction factor of a tangent galvanometer using copper 


vol:ame er. 

J—V characteristics of a diode (Vacuum tube and p—n junction). 

Static characteristics of a triode and hence determine amplification factor. 
Characteristics of a common-emitter type of transistor. 


Burdwan University 


[It is expected that the students should show proficiency in operating Physical 
‘balance and should know use of diagonal scale, vernier scale, vernier slide callipers, 
screw gauge and spherometer. They should also know to read the barometer and 
make corrections as well as to know to weigh a body by the method of oscillation. 
Besides they will be required to perform the following experiments.] 


137 


14. 


31. 


[vi] 


Group А 


To determine the Young's modulus of the material of a wire by Searle's 
method. 

To determine the rigidity modulus of the material of a wire by (a) statical 
method and (b) by dynamical method. 

To determine the moment of inertia of a body about an axis passing 
through its centre of gravity. 

To determine the frequency of a tuning fork by sonometer. 

To draw n-/curve and hence to find the frequency of an unknown tuningfork. 
To determine the density of the material of wire by sonometer mcthod. 
To determine the frequency of a tuning fork by Melde’s experiments 
(Transverse arrangement). 

To measure the coefficient of linear expansion of a metal (a) by the tra- 
velling microscope (b) by Pullingcr's apparatus usirg an optical lever. 
To determine the cocfficient of apparent expansion of a liquid by weight 
thermometer method. 

To determine the cocfficient of absolute EIA of mercury by Dulong 
and Petit’s method. 

To determine the pressure coefficient of air. 

To determine the volume coefficient of air. 

To determine the thermal conductivity of a metal by Searle’s method. 


Group B 


To determine the R.I. of a liquid by a travelling microscope. 

To determine the R.I. of a liquid by lens and mirror method. 

To determine the focal length of a concave lens (i) by combination method 
(ii) by auxiliary lens method (iii) of a convex lens by displaccment method. 
To adjust a spectrometer by Schuster’s method and to determine the 
refractive index of a prism by the method of minimum deviation. 

To detcrmine the В.Т. of the material of a thin prism by the method of 
normal incidence, 

To determine the earth’s horizontal component of magnetic field and 
the moment of the bar-magnet by the magnetometer mcthod. 

To determine the value of the resistance of a wire by a metre bridge mak‘ng 
end-corrcctions and hence to calculate the specific resistance of thc material. 
To determine the resistance per unit length of the wire of a metre-bridge 
by Carey Foster’s method. 

To find the mechanical equivalent of heat by Joule’s calorimeter. 

To determine the temperature coefficient of the material of a coil using 
a metre-bridge. 

To determine the reduction factor of a tangent galvanometer. 

To determine the resistance of a galvanometer by half-dcflcction method. 
To de'ermine the figure of merit of a moving coil galvanometer. 

To determine the high resistance by substitution method usirg a shunt box. 
To find the value of a low resistance by drop of potential. 

To measure the e.m.f. of a cell by potentiometer using a millicmmeter. 
To measure a current by potentiometer using a known low resistance 
(Resistance of the potentiometer to be measured by Р.О. Box). 

To draw the characteristic curves of a triode valve. 


[N.B. Two experiments are to be performed in the final examination. The 
duration of the examination is six hours.] 


[ vi ] 


North Bengal University 


Each candidate will perform two experiments, one from Group А and another 
from Group B (Time- 6 hours). 
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25. 
26. 


27. 
28. 


29. 
30. 


31. 


Group А 
To determine the rigidity modulus of a wire by (a) statical method 
(b) dynamical method. 
To determine the moment of inertia of a body about an axis passing 
through its centre of gravity. 
To determine the surface tension by capillary tube method. (Capillary 
tube to be suppl'ed). 
To determine the viscosity of a liquid by flow through a capillary tube. 
To draw the 1—/ curveand hence to find the frequency of an unknown fork. 
To determine the frequency of a tuning fork by Melde's experiment. 
To determine and M by magnetometers (two experiments). 
To measure the coefficient of linear expansion of a metal by (i) Travelling 
microscope and (ii) by Pullinger's apparatus using an optical lever. 
To determine the absolute expansion of mercury by Dulong and Petit's 
method. 
To determine the pressure coefficient of air. 
To determine the volume coefficient of air. 
To determine the thermal conductivity of a metal by Searle's method. 
To determine the refractive index of a liquid by the travelling microscope. 
To find the power of a convex lens by displacement method. 
To determine the focal length of a concave lens by auxiliary lens method. 


Group B 
To adjust a spectrometer by Schuster's method and to determine the 
r. i. of a prism by the method of minimum deviation. 
To draw the i—§ curve of a prism by spectrometer and hence to find 
the angle of minimum deviation. 
To determine the r.i. of the material of a thin prism by the method of 
normal incidence. g 
To determine the width of a narrow slit by diffraction method. 
To determine the wave length of a monochromatic light by Newton’s 
ring method. 
To determine the value ọf resistance of a wire by Wheatstone bridge 
method making end-corrections and hence to calculate the specific resis- 
tance of the wire. 
To find the figure of merit of a moving coil galvanometer and determine 
the resistance of the galvanometer by half-deflection method. 
To determine the value of low resistance by the fall of potential method. 
To determine the resistance per unit length of the wire of a metre bridge 
by Carey Fosters’ method. 
To measure the current by potentiometer using a low resistance. 
To determine the temperature coefficient of the material of a coil using 
a metre bridge. 
To draw the characteristic curves of a triode valve. 
To measure the thermo-e.m.f. with a potentiometer and draw E—T curve. 


(Thermo-couple to be supplied). 
To study the characteristics of а junction diode and transistors. 


[ viii ] 
Vidyasagar University 


1. To determine modulus of elasticity : (a) Y by flexure of a beam (b) 
^ Modulus of rigidity by dynamical method. 

2. To determine the surface tension of a liquid by capillary tube method. 

3. To determine the coefficient of viscosity of water by Poiseullie's flow 

method. 

To determine the coefficient of linear expansion of a metal by a travelling 

microscope and (by optical lever). 

5. To determine the pressure cocfficient of air. 


6. To determine the refractive index of (i) a liquid and (ii) the material of a 
convex lens. 

7. To determine the focal length of a concave lens by method of combination. 

8. To adjust a spectrometer for parallel rays by Schuster's method and to 
determine the refractive index of the material of a prism. 

9. To draw the (i— 3) curve of a prism and hence to determine the minimum 

< deviation angle. 

10. To determine the radius of curvature of a lens by Newton's ring method. 

11. To usea polarimeter to determine the strength of the solution of an optic- 
ally active substance (e.g. sugar etc). 

12. To determine by a deflection magnetometer (i) the moment of a magnet 
and (ii) the horizontal component of Earth's magnetic field. 

13. To determine by Carey Foster's method (i) resistance/cm of the bridge 
wire and (ii) unknown resistance. 

14. To determine for a moving coil galvanometer (i) the resistance and (ii) 
figure of merit. 

15. To use a potentiometer to measure (i) current (ii) potential difference and 
(iii) resistance, 

16. 


To determine the reduction factor of a tangent galvanometer using a 
copper voltameter. 


17. То study the (I—V) characteristics of a 
junction diode. 
18, 


To study the static characteristics of a triode and hence to determine the 
amplification factor. 


To determine the characteristics of a common emitter transistor, 


(i) vacuum tube diode (ii) p—n 


19. 


Miscellaneous з 


1. Use of common measuring instruments e.g. C.R.O., multimeters, L-C-R & 
‘Q bridges, Р.О. Box, Potentiometer (built in), 
. Use of different temperature measuring devices. 
Maintenance (and charging) of storage cells & batteries. А 
Use of the devices for measuring intensity of light and sound. 
. Use of a digital voltmeter. 
. Setting up of a public address system. 
One experiment is to be performed by the candidate. 
as follows : Experiment—50 ; Proportional error or 
discussion where necessary—10 ; 


The mark distribution is 
probable error calculation/ 
class note book records—10 $ Viva—20 ; 
Fault finding of any laboratory instrument which is not working ; Measurement of 


current, resistance, voltage etc. using multimeter, voltmeter, ammeter, C.R.O. etc— 
10 ; Full marks—100. 


CONTENTS 

А љж 
[General discussion on methods of measurement : Elimination of 
the errors ; Calculation of proportional error and percentage error ; 
Significant figures ; Methods of drawing graphs; Account of ex- 


periment] р 1- 12 
1. General Properties of Matter 
11 Determination of the radius of curvature of a 
spherical surface by a spherometer ES 13- 17 
1.2 To read Fortin's barometer х5 17- 20 
13 Travelling microscope у ^ 20- 21 
14 Determination of the diameter of the bore of a 
capillary tube by a travelling microscope 30 21- 24 
15 Determination of Young’s modulus of the 
material of a wire by Searle's method m 24- 29 
1.6 Determination of Young's modulus of the 
material of a wire by torsional oscillation ac- 
cording to Searle's method an 30- 33 
34- 35 


1.7  Cathetometer ЗА 
18 Determination of Young's modulus of the 
material of a wire by the method of flexure .. 35- 41 


19 Determination of modulus of rigidity of a wire 


by statical method 41- 46 
Alternative method P. 46- 49 

1.10 Determination of modulus of rigidity of the 
material of a wire by dynamical method A, 49- 54 

111 Determination of the moment of inertia of a 

body about an axis passing through its C.G. 
and perpendicular to its length E 54- 58 

1.12 Alternative method (Using a moment of inertia 
table) "m 58- 61 

113 Determination of surface tension of water by 
61- 68 


capillary tubes” 

114 Determination of the coefficient of viscosity 
of water by Poiseullie's method d 69- 76 
Alternative simpler arrangement ar 76- 78 


2.8 


2.9 


31 


[x] 


2. Heat 


Determination of the coefficient of linear 
expansion of a metal by travelling micros- 
cope 

Alternative method 

Optical lever and its principle 

Determination of the coefficient of ш 
expansion using optical lever 

Determination of the pressure coefficient ога ап 
at constant volume by Jolly’s apparatus 
Determination of the volume coefficient of air 
at constant pressure by Regnault’s apparatus .. 
Determination of the coefficient of absolute 
expansion of mercury by Dulong and Petit’s 
method 

Determination of the coefficient of apparent 
expansion of a liquid by a weight thermo- 
meter 


Determination of the thermal conductivity of 


a metal by Searle’s method 


3. Light 


Determination of the refractive index of the 
material of a convex lens by using the lens and 
a plane mirror 

Determination of the refractive index of a liquid 
by a convex lens and a plane mirror 
Determination of the refractive index of a liquid 
by travelling microscope 

Optical bench 

Index error and its correction 

Determination of the focal length of a concave 
mirror by graphical method 

Determination of the focal length of a concave 
mirror without the help of an optical bench 
Determination of the focal length of a concave 
lens by combination method - 
Determination of the power of a convex lens 
by displacement method 


79- 83 
83- 86 
86- 87 
87- 91 
91- 96 


96-101 


101-105 


105-108 


108-114 


115-118 
118-122 
123-126 
126-127 
127-128 
128-135 
136-137 
138-144 


144-148 


310 


` 341 
3.12 


3.13 
3.14 
3.15 
3.16 


3.17 


3.18 


3.19 


3.20 


3.21 


3.22 
3.23 


41 
4.2 


43 


[ x] 


Determination of the focal length of a concave 
lens by auxiliary lens method 

The spectrometer З 
Determination of the vernier constant of a 
spectrometer 

Adjustments of spectrometer 

Optical levelling of the prism 

Precautions in using а prism 

Adjustment of a spectrometer for parallel rays 
by Schuster’s method and to determine the re- 
fractive index of the material of a prism by 
minimum deviation method NC 
To draw 1—5 curve of a prism by a spectro- 
meter and hence to find out the angle of mini- 
mum deviation od 
Determination of the refractive index of the 
material of a thin prism by the method of 
normal incidence ^d 
Determination of the radius of curvature ofa 
lens by Newton’s ring method fe 
Determination of the slit width and the separa- 
tion between the slits of a double slit by obser- 
ving the diffraction and interference fringes 
Determination of the width of a narrow slit by 
diffraction method a 
Optical activity 

Calibration of a polarimeter and hence deter- 
mination of the concentration of sugar solution 
(Mother solution to be supplied) qi 


4. Magnetism 


Magnetometers 

Determination of the moment of a magnet and 
horizontal component of earth's magnetic field 
by magnetometers m. 
Determination of the angle of dip by earth- 
inductor x 


148-152 
152-155 


155-156 


‚156-160 


160-161 
161-162 


162-168 
168-174 


174-179 


179-187 


187-194 


194-198 
198-200 


200-210 


211-212 


212-218 


219-225 


51 


5.2 
5.3 
5.4 


5.5 


; 5.6 


5.7 


5.8 


5,9 


5.10 
5.11 
5.12 
5.13 


5,14 
5.15 


(Peak |] 
- 5. Electricity 


Electrical accessories and measuring instru- 
ments 


Precautions for electrical experiment 
Symbols for electrical appliances 


Determination of the value of the resistance of 
а wire by а metre bridge making end-correc- 
tions and hence the calculation cf the specific 
resistance of the material of the wire 5s 
Measurement of resistance per unit length of the 
bridge wire by Carey Foster method y 
Determination of an unknown resistance by 
Carey Foster’s method .. 
Measurement of the resistance of а suspended 
coil galvanometer by half deflection method. 
Also calculation of the galvanometer current 
when there is no resistance directly in series with 
the galvanometer. Hence determination of the 
galvanometer current to produce a scale deflec- 
tion of 1 mm. je 
Measurement of figure of merit of a suspended 
coil galvanometer A 
Determination of the temperature coefficient of 
resistance of a coil of wire using a metre 
bridge ме 
Determination of the value of а low resistance 
by the fall of potential method "i 
Determination of a high resistance by substi- 
tution method using a shunt box 5% 
Determination of mechanical equivalent of heat 
by Joule’s calorimeter "d 
Determination of the reduction factor a tangent 
galvanometer using a copper voltameter 
Potentiometer and its principle 


Determination of e.m.f. of a cell by a potentio- 
meter 


(a) Using а milliammeter (b) Without using a 


milliammeter (c) With the help. of а standard 
cell 


226-233 
233-234 
234-235 


235-244 
245-250 


250-254 


254-259 


259-263 


263-268 


268-274 
274-271 
278-281 


282-286 
287-288 


288-295 


5.16 


5.17 


6.1 


6.2 


6.3 


6.4 


Г xii ] 


Measurement of current by а potentiometer 
Alternative method : With the help of a milli- 
ammeter 25 
Measurement of the thermo- emf. with a 
potentiometer and to draw E—T curve 


6. Sound 


Determination of the frequency of a tuning fork 
by a sonometer du 
Determination of the density of the material of 
a wire by sonometer method a 
To draw (n—/) curve with the help cf a sono- 
meter and hence to find the frequency of an 
unknown fork Де 
Determination of the frequency of a tuning fork 
by Melde’s experiment 


7, Electronics 


Diode valve 

Space charge 

Triode valve 

Function of a grid E 
To draw the static characteristics (5 — Ур) of 
a diode 3: 
To draw the static characteristics of а triode and 
hence to determine the valve constants 
Semi-conductors 

N-type and P-type crystals 

Semi-conductor diode 


To draw the characteristic curves of a semi- ` 


conductor diode i.e. P-N junction 
Semi-conductor triode is 
To draw the static characteristics of a common 
emitter type transistor Sg 
Table of constants "o 
Log table 


295-298 
298-301 


301-305 


306-309 


309-311 


312-316 


317-320 


321-321 
322-322 
322-323 
323-323 


323-329 


329-338 
338-340 
340-341 
341-342 


343-347 
348-350 


350-356 
357-363 
365-375 
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GENERAL DISCUSSION ON METHODS OF MEASUREMENT 


um ur s 


All natural phenomena that happen around us daily are connected 
by definite laws. To unravel these natural laws is the aim of science. 
When a stone falls from a certain height, it falls according to certain 
laws. The planets in the solar system move round the sun in accor- 
dance with some definite laws. Nature does not tolerate lawlessness 
in its realm. But to establish these natural laws, we require experi- 
ment and observation. The basis of whole science—specially the 
science of Physics—is experiment, observation and measurement. 
Observations, experiment and determination of physical quantities are 
the province of Practical Physics. With a view to conduct an experi- 
ment successfully and to arrive at the proper conclusion by accurate 
measurement, physicists have not only been trying to invent more and 
more advanced and sensitive instruments but have also been developing 
the theory of errors which enable us to perform our investigation free 
from possible mistakes. . 


The theory of errors is based on the following two assumptions :— 


(i) Although everybody wishes that he should be careful enough 
to get a correct measurement, yet he is, to some extent, careless by 
nature and commits some error in reading an instrument. This 
natural carelessness, of course, varies from person to person. Every 
reading taken with a given apparatus, is liable to be more or less 
erroneous. Divergence in different readings will be greater, if the 
instrument is very sensitive and fine. Such errors are known as 
chance errors. It is to be noted that chance error, although branded 
as an error, does not carry any sense of blame ;it is not a ‘mistake’. 
It is inherent in everybody. The magnitude of chance error, however, 
depends on the quality of the instrument as well as the efficiency of the 
observer. If the instrument is free from defects and the observer is 
sufficiently careful, the error may be minimised to a great extent. 

(ii) Every instrument is, to some extent, defective. Faultless 
instrument is anidealthing. So, the reading given by an instrument is 
liable to contain some error. Such error arising out of some inherent 
defect in the instrument, is known as —instrument or constant error. 


ЕІЛМІМАЗІОМ OF THE ERRORS: 


(i) Chance errors: As chance error is purely accidental, accor- 
ding to the law of probability, the errors will be distributed equally on 


2 DEGREE PRACTICAL PHYSICS 


the positive (i.e. greater) and the negative (i.e. less) side of the correct 
value Measurement of a quantity by an instrument may be likened 
with the hitting of a fixed target by bullets. The deviations of the 
shots from the exact target point are comparable to the errors of obser- 
vations, both obeying the law of probability. It may be proved in 
the following way that the arithmetic mean of a large number of observa- 
tions of the same quantity will give us the most accurate value free from 
chance errors. 


Suppose the accurate value of a certain quantity is x and let the 
readings of various observations of the quantity be xj, x», X3....Xn 
and the errors of the corresponding observations be respectively, 
Cis Ce, Cy. en: 

Then, we have, xı=x+e; 
Xa=x+ e; 


cQ Xe xg... EX) —nx--(61d-63d-e34-... -+e,) 

As еј, €», ез etc are chance errors, they will be so distributed that some 
will be positive while others will be negative; for there is no reason why 
mere chance should favour positive errors in Preference to negative 
ones. Hence, 

€-FescegT- .... Fe, —0 

ах +х, +... «РАЙХ 

oe у „ах + Jes Xy 
n 

=arithmetic mean of all the observations 

Let us take а concrete case. Suppose the true value of the focal 


length of а convex lens is 15 ст. А large number of experimenta] 
observations gave the gollowing readings : 


15:1 em ; 15:2 cm ; 15:3 cm ; 14-7 cm ; 14-8 ста ; 14:9 cm 
and 15 cm. 
Note that som: errors are positive (ie. the reading is more than the 


true value) and some are negative (i.e. the reading is less than*the true 
value). Here the arithmetic mean or the average value · 


— 151415.2+15.3+14.7414.8-+ 14.9--15 _ 


7 15 ст 


GENERAL DISCUSSION 3 


(ii) Instrument or constant error : 


Elimination of instrument error is not so easy as that of the chance 
error. To eliminate the error due to some defect in the design or 
‘manufacture of the instrument, the experimenter has to study care- 
fully, the factors which govern the two chief qualities of the instru- 
ment, viz, accuracy and sensitivity. These two qualities are, however, 
antagonistic to each other. One increases at the cost of other. It is 
very difficult—almost impossible to increase both of them simultane- 
ously. 

Probable errors: Probable error denotes the range on either side 
of the most probable value of a quantity, so that there is equal chance 
of the true result lying between this range. If x be the arithmetic 
mean of а set of measurments carrying chance errors only and В the 
probable error, it denotes that the true value is as likely to lie within 
the range x8 as outside it. 


To calculate the probable error, suppose ху, X2,X3.---X, be the 
readings of п observations of a quantity and x the arithmetic mean. 
Then x may be taken as the nearest approach to the correct value of 
the quantity. Now, find the difference between each observational 
reading and the arithmetic mean. Let the differences (they are known 
as deviations) be denoted by d ie. d=(x1—x) ; d2=(%2—%).--- 
d,—(x,—x) Now find the average value of the deviations without 
having any regard to their signs. Let it be 3. It represents the mean 
error and the correct value of the quantity, for all practical purposes, 
may be taken to be equal to x+ ô. 

Sometimes, instead of calculating the average value of the devia- 
tions the standard deviation is found out. Standard deviation is the 
‘root mean square of the deviations of individual observations, Thus, 
if C be the standard deviation, then, 


BN TIED 
соу а e 


The probable error can be shown to be approximately equal to 
2C 
ГЫЛ, 
Let us again take the case of a convex lens. The readings of six 
observations in cm are 
(i) 15-1, (ii) 15:2 (iii) 15:3 (iv) 147 (v) 14:8 and (vi) 14:9. 
The arithmetic mean of the observations, as has already been men- 
tioned is 15 ст. The deviations are as follows : 


Hence the correct value—x-4-P. 
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d,—15—151—-—01; d,=15—152=-02; d,—15—153—-03; 
‚ 4 ==15—14'7=-03 ; d,—15—14:8—--02 and d,—15—14:9—-4-011. 
The standard deviation 


c- yO DECODE 03*103* + (02) 8 (0: 
6 


=0:216 


2х0:216 
3V6 
So, the correct value of the focal length may be written as 150060 


cm. This means that the correct value is as likely to lie between 15:06 
cm and 14:94 cm as outside it. 


Hence, probable error B= =0:06 cm (nearly) 


Calculation of proportional error and percentage error : 


It is very often seen that the evaluation of the final result of an 
experiment involves measurement of several quantities by different 
instruments, the quantities being connected by a formula. It may be 
shown that the measured quantities do not influence the final result 
equally-—some may have more influence than the other. Suppose X 
is a quantity which depends on three other quantities 4, B and C ina 
manner given by the relation, ААС (i) 

Then taking logarithm and then differentiating we get, 

8Х 8А òB 8С T 
GE ms En q. BE is = e (ii) 
8A 2 ү 
Неге, Ya -etc are known as proportional errors in the measure- 
Ment of the respective quantities. Each multiplied by 100, is the corres- 
ponding percentage error. The quantities p, q and r in the eqn 
(ii) should be regarded as positive, even though in the expansion for Y 
in eqn (i), one or more of the indices may be negative. 

So, from eqn (ii) we may say that the proportional error in X. =рҳ 
the proportion error in A+qx the proportional error in B+rx the 
proportional error in C. Therefore, for given possible errors in A, В 
and C, the influence on the final result is greater for the factor having 
higher power and that (the factor) having smaller value. For example, 
if B is the smallest quantity and q is the highest power, 


| the measure- 
ment of B should be most carefully made so that 58 beccmes the 
least. i 


A few examples will illustrate the application of eqn (ii) for the 
purpose of calculating the maximum error. 


| 
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1. Determination of Y by flexure of a beam : 


When a beam of length /, breadth b and width d is loaded in the 
middle by a weight mg, causing a depression x of the centre, the 
Young's modulus Y of the material of the beam is given by : 

т.8.13 
у оних 
4b.d3.x 


Taking logarithm and then differentiating, we get, 
3Y òm 8g 8l 8b ба 5х : 
==. NT чеч ра екин e сш „КА 
(m cR e аг АЙМ 
[Maximum error is obtained by adding the proportional errors]. 
Let the data of a set of observations and their probable errors be as 
follows : 


т=2 kg=2000 gm ; 8m—4 gm assuming an error of 1 gm 


рег $ kg. 
2=980 cm/s? 8g —1 cm/s? (assumed) 
b —2:54 cm 3b —0:01 cm (L.C. of slide calipers) 
4=0:982 cm 54=0:01 cem ( ,, dà ) 
1—90 cm 51=0-1 cm (L.C. of a metre scale) 
х=0:173 cm 8х==`001 cm (L.C. of travelling 
microscope) 


Substituting these values in eqn (i), we get, 
У йй, 1 3x01, 001, 3x001 0:001 
(7)... 000 + 5807 90 ' 254 0982 + 0173 


—0:0020-1-0:0010-4-0:0033-1-0:0038 2-0:03051-0:0052 
=0:0458 


Thus, the maximum proportional error in Y —0:0458 and percentage 
error —0:0458 x 100—458 %. Of all the errors, the proportional error in 
the width(=0-0305) being the maximum, has the greatest contribution 
to the maximum error of Y. Hence width should be measured very 
carefully. It is to be noted that the percentage error of d (3%) is 
much higher than that of x (05%). The percentage error of other 
quantities are smaller than that of x. Hence, the relative probable 
error in d has to be brought down, at least, to sth of the present value 
if the contribution of d to the total error is not to exceed that of x. 
There is another difficulty. The width of the beam may not be uniform 
throughtout. To eliminate the error due to non-uniformity of width, 
d should be measured at various places of the beam. 
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2. Determination of surface tension by capillary tubes : 
If the height of a liquid column in a capillary tube of radius. r be 
h, the surface tension Т of the liquid is given by, 
T= к [p—density of the liquid] 
Taking logarithm and differentiating; we get, 


(= ) = ZA D 3р [Assuming that the value of g is accurate] 
max r p 


Let the data of a set of observations and their probable errors be as 
follows : 


г=0'022 cm 3r—0:001 ст (L.C. of a microscope) 
ћ=5:624 сш 8h=0-002 ,, (twice the L.C. because two readings 


are taken) 
p=0'8 gm/c.c. бр=0:01 gm/c.c. (approximate error in sp.. 
gravity bottle) 
èT 0:001 , 0:002 0:01 
о а MEA. MO: "00031-00125 —0:0582 
(т). 0:022 564 0:08 0:04510:00031 


So, the maximum Proportional error in the measurement of 
T=0-0582 and percentage error—5:8275. It is clear that the propor- 
tional error in r (—0:0454) being the highest, its contribution towards 
the total error is maximum. The percentage error in the measurement 
of г=45% and hence all possible care should be taken in the measure- 
ment of the radius of the capillary tubes. 


Percentage error: In measuring a quantity, what is important 15. 

the percentage error and not the absolute value of the error. Now, 
Observed value— real value 
Percentage error— 100 
E observed value ^ 

For example, observed value of the focal length of a convex lens is 
15-7 cm whereas the real value is 15-5. ст. Hence, the percentage 
error, in this case, is 
nis X 100=1:3 % (nearly) 


We also say that the 
lin 77. 


Significant figures : 

It has been mentioned earlier that no instrument is faultless 
nor any observation exact. The accuracy of the result depends on 
how fine is the instrument and how skilful is the experimenter. The 


last digit of the reading is always approximate and hence doubtful 
regarding its accuracy. Still, the last digit is significant be 


accuracy of the measurement is 1'3 in 100 or 


cause it 


e 


Ви 
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gives us some information about the quantity under measurement. A 
significant figure is defined tə be one which may be regarded as fairly 
trustworthy regarding its accuracy. 

Metre scale is usually graduated in millimetres. Suppose, 
measurement of length of a rod with the help of a metre scale 
yields a value 2577 ст. It is clear that the measurement has 
been done with the accuracy of 1 mm. Although the scale does 
not show fraction of a millimetre, yet by eye-estimation we can read 
upto the fraction of a millimetre and can say that the length of the rod 
may be half millimetre more or less than the above reading (i.e. 25:7 
cm). Neglecting this part, if the length of the rod is taken as 25:7 ст, 
the last digit 7—not to speak of the first two digits—may be generally 
taken as trustworthy. Under the circumstances, the reading is said 
to contain three significant digits. The maximum probable error in 
this reading is about | mm and hence the percentage error=0°35 %. 

Now, if the above reading be taken as 25 cm, the significant 
figures are two in number and the percentage error involved is also 
greater. Here, the reading has been taken neglecting the fraction of 
a centimetre and hence upto the accuracy of 1 cm. Further, if the 
reading be taken as 25:0 cm, the significant figures are again three jn 
number. Hence, 25 ст reading and 25:0 ст readings do not indicate 
the same accuracy. 

So, the significant figures of a reading give us an idea of the 
accuracy of the observation. Again in calculating the final result 
from several readings, such figures are to be retained in the final result 
as are consistent with the accuracy with which individual readings 
have been taken. In the final result, the insignificant figures are to be 
dropped. For example, readings of length, breadth and height of a 
cube are respectively 4:15 cm, 2:15 ст, and 1'75 cm. Here, the 
accuracy of measurement is upto three significant figures. Multiplying 
the length, breadth and height, the volume of the cube may be com- 
puted as 15:614375 с.с. But it is not proper to put the volume like 
that because none of the length, breadth or height has been measured 
with so much accuracy. Since the accuracy of measurement is upto 
three significant figures, the volume should also be expressed in terms 
of only three significant figures andit should be written as 15:6 c.c. 
The figures after the digit 6 cre all insignificant and should be dropped. 
However, while dropping the insignificant figures and writing the 
fiaal result the last figure of the final result is to be retained 
unchanged if the first figure dropped is less than 5. у If the first figure 
dropped is, however, areater than 5, the last figure saould be increased 
by 1. Ifthe dropped figure 15 5, the preceding digit should be kept 
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unchanged if it is even but it should be increased by 1 if it is odd. 


According to this rule, 
20:73 
20:79 
20:65 
Some people, however, prefer 
figure in the final result and since 


the last significant digit in small le 


line. 
according to this rule, as 15:61. 


20:75 will be written as 20:8 


20:7 
20:8 
» 206 
to retain the first insignificant 
it is insignificant they write it after 
tter and somewhat below the main 


» » 


ээ Ж?) 


23 05 Е 


Thus, the volume of the cube mentioned above, may be expressed 


METHOD OF DRAWING GRAPHS 


two 
whe: 
ties wi 
we kn 


them is incorrect, 
Squared paper : 

by drawing horizont 

Graphs are to be d 


others so that they 
tion easier. 


graph, at first a line is t 
of the graph paper. 
Onthe left-end of the 
perpendicular to the Х- 
and this will be referr 
two axes are mutually 
the axes intersect is са 
letter ‘О’ 


commonly known 45 
е market. 

Abscissa or X-axis and Ordinate or Y- 
o be drawn along ah 
This line will be calle 


In many experiments of Physics, graphs have to be drawn. When 
quantities are so related to each other that the value of one changes 
n the value of other is changed, a graph drawn between the 

ill very clearly bring out the nature of such change. 
ow Boyle’s law which says that the temperature r 
tant, the volume of a certain quantity of gas changes 
of pressure. If a graph is drawn between the volumes 
mass of gas at different pressures and the correspondi 
change will be clearly understood. Furthermore, if 
repeated and several observations taken, then from 
easily check whether all the observations are cor 
So, graphs have got enough pr 

A paper divided into a num 
al and vertical lines is calle 


quanti- 

For example, 
emaining cons- 
with the change 
occupied by the 
ng pressures, this 
an experiment is 
the graph we can 
rect or any one of 
actical importance. 
ber of small squares 
d a squared paper. 
Generally, each 
e. its length and 
are thicker than 
is makes gradua- 
graph papers, 


axis: In going to draw a 
orizontal line at the bottom 
d the abscissa or the X-axis, 


graph paper, another line is to be drawn, 
axis, along a vertical line 
ed to as the ordinate ог the Y-axis, 
perpendicular to each other. 
lled the origin and is? usually, 


of the graph paper 
So, the 
The point where 

denoted by the 


Of the two variable quantities between which а gtaph is to be 
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drawn, one will be independent variable and the other dependent 
variable. For example, y and x are two quantities related by the 
equation y—mx--c. Now, if we give to x different values, y will 
assume different values according to the above equation. y cannot 
take up values according to its own choice and it will have to depend 
on x for its different values. For this reason, x may be called an 
independent variable and у a dependent one. Before going to draw 
a graph, dependent and independent variables are to be marked out. 
It is customary to plot the values of independent variable along the 
X-axis and those of dependent variable along the Y-axis. Name and 
unit of each quantity must be mentioned along the axis against which they 
are plotted. 

Fixation of scale: To plot the dependent and independent 
variables along their respective axes, appropriate scales should be 
fixed for them. The fixation of scale should be done very carefully, 
because if the scale is a reduced one, errors are likely to come in the 
process of plotting points, while if the scale is a magnified one, then 
any mistake done in taking a reading will also be magnified in the 
graph and the points on the graph will be so scattered that it will be 
difficult to draw any consistent graph from them. As a general rule, 
however, a reduced scale for quantities of large magnitude and an 
enlarged scale for quantities of small magnitude may be used. There 
is, of course, no hard and fast rule about it. All that can be said is 
that according to the situation scales are to be fixed judiciously. A 
point is to be remembered in this connection. Scales along the two 
axes need not be identical. Scales may be different, if found con- 
venient. But whatever may be the scales—identical or different— 
distinct mention of it must have to be made. 

Another point: It is not binding that the origin of the axes 
must always indicate 0-0 (zero-zero) values of the two Variables. If 
the minimum values of the quantities are much higher than zero, then 
this minimum value or any other value slightly less than the minimum 
may be taken as the origin and the scale along the axis is to be so 
fixed that the point furthest from the origin along that axis may indicate 
the maximum value or any other value süghtly greater than the 
maximum value of that quantity. While drawing a graph, it should 
always be borne in mind that the graph should be spread over the entire 
Paper. 

Plotting of points: According to the values of the two variable 
quantities, when the position of a point has been ascertained on the 
graph paper, it may be marked by a cross sign (X) or a dot with a 
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circle round it. Then the points are to be joined by a line. The 
joining must not be done by short straight lines with the help of a scale. 
It should be a free-hand joining, without scale, graph passing through 
most of the points in such a way that there is no abrupt bend any- 
where. If а particular point happens to be away from the graph, it 
isto be understood that some serious mistake had occurred during that 
particular observation. 


То find the value of an unknown quantity from the graph : 


If a particular value of the X-axis (or Y-axis) is given, then to get 
the value of the corresponding Y-axis (or X-axis) a perpendicular in 
broken line is to be drawn from the given point on X-axis (or Y-axis) 
to cut the curve at a point, P say. The value of Y-axis (or X-axis) 
corresponding to the point P will give the value of the unknown 
quantity. 

If the pressure-volume graph shown in page 11, be taken as an 
illustration and the volume of the gas to be found at a pressure of 
80 cm, a perpendicular is to be drawn on pressure-axis through the 
80 cm-pressure point to cut the curve. The intersection point has the 
value 10 for the Y-axis which means that the volume of the gas is 
10 c.c. at a pressure of 80 cmrof mercury. 


Example : Suppose in Boyle's law experiment, the following аге 
the volumes obtained for a certain mass of gas at the following different 
pressures : 


Pressure 
(P) 60:0 | 63:2 | 68-4 | 762 | 81:3 | 909 | 96:2 
in cm 


Volume 


(V) 13:5 | 128 | 1:8 | 107 | 100 | 89 | 85 
in c.c. 


А. graph isto be drawn between pressure and volume. In this case, 
pressure is the independent variable. So, pressure is to be plotted 
along the X-axis and volume along the Y-axis. Fig А shows how the 
graph is to be drawn. + 

ОХ and OY аге the two axes, О being the origin. Pressure (P) 
is plotted along the X-axis and volume (V) along the Y-axis. Since 
the minimum value of pressure (60 cm) is much higher than zero, 50 
cm pressure is taken as the origin. But the volume at the origin is 
taken zero. Now, the scale along the X-axis is so chosen that each 
small division indicates 1 cm pressure but since difference of volume is 
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very small. the scale along the Y-axis is so selected that each small 
division is equivalent to 0:5 c.c. or two small divisions—1 с.с. 

According to these scales, the values from the previous table are 

plotted. For instance, at 60 cm pressure, the volume is 13°5 с.с. 

Along the X-axis, if you move from the origin ten divisions (50 cm 

_ pressure being represented at the origin) you will get 60 cm pressure 


VN 


———> Volume ја c.c. 


70 
—— Pressure in cm. 


X -— Axis—- small division =1ст 
Y— Axis—- um = 0'5cc. 
Origin —- (50 em; О c.c.) 

Fig. А 


point and then moving vertically parallel to the Y-axis, if you go 27 
divisions, you will get 13:5 c.c. volume point. Put a dot mark there 
and draw a small circle round it. This is the first point. Similarly, 
plot other points. Next, the points are to be joined by a pointed 
pencil by free-hand drawing. From the graph it is clear that the 
volume diminishes with the increase of pressure —in other words,the 
volume and the pressure are inversely proportional to each other. 
It is worthwhile to note that by simply examining the equation 
connecting the variables, one can have ап idea of the nature of the 
` graph between those variables. The following аге the equations of 
Some of the well-known curves : { : 
(i) ax--by--c—0 represents а straight line 
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(ii) x?-+-y?=a? represents a circle. 
(iii) y*—4ax represents a parabola. 


d ros up E 3 
Gv) + pl represents an ellipse. 
RE = 


Here, а, b and c are constants. 


Account of experiment 
The account of the experiment should be written in a practical 


physics notebook, which has graph paper on alternate pages. To be 
neat and orderly, headings are required at each stage of the account, 
a suitable scheme being as follows : 


1. 
2. 
З; 


4, 


Title: The name of the experiment. 

Date: Date of the performance of the experiment. 

Diagram : Use a sharp pencil and ruler and label or letter the parts 
for reference in your account. 

Theory: The underlying theory of the experiment, together with 
relevant equation is to be mentioned, in brief, explaining the 
Symbols and units used. 


- Method or Account : Give full details of measurement in the order 


in which they were carried out, mention the precautions you took 
to obtain accurate measurements and mention any special methods 


or techniques used to overcome difficulties or to improve the 
accuracy, X 


- Measurements : List all the measurements taken—do not sub- 


tracttwo measurements and only record the difference, for example. 
Enter the measurements in a 1uled table if possible or list them 


below each other in'a column, giving units in Which each is 
measured. 


- Calculation : Convert measured values to C.g.8. units and substi- ` 


tute them in the formula. Final result with proper unit should be 
Shown on the right hand Side page. Detailed calculations, with 
the help of log-table are to be shown on the left-hand side page, 


· Graph: If a graph 1510 be Plotted, choose scales to use as much 


of the graph paper as possible, label the two axes, and mention the 
units. Mark the points plotted with crosses or with a dot and a 
small circle ; a sharp and hard pencil is essential, 
Result: Your final result must be given to a sensible order of 
accuracy and it must state the units concerned. 

For completeness, percentage error or uncertainties in the 
experiment should also be discussed and the order of accuracy of 
the final result then estimated. 
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11. Determination of the radius of curvature of a spherical surface by 
а spherometer : 

Apparatus : A spherometer, a convex (or a concave lens), a plane 
glass plate etc. 

Theory: The pitch of the instrument is the perpendicular distance 
between any two consecutive threads of the central screw and is. 
measured by the vertical distance travelled through by the screw when 
the screw is given one complete rotation. The pitch divided by thé 
total number of divisions on the circular scale gives the least count 
(L. C.) of the instrument. 

Screw-pitch 
Total no. of divisions on the circular scale (№) 

If d be the mean length of the three arms of the equilateral triangle: 

ABC [Fig 1(а)] formed by the tripod stand of the spherometer and № 


Least count= 


Fig. 1 (№) 


Fig. 1 (a) 
1 -tip when it touches consecu- 

be the displacement of the central screw-tip w. : 
tively ithe gel spherical surface and a plane surface [Fig 1(5)], then 
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the radius of curvature R of the spherical surface is given by the 
following equation : 


Description of the instrument : 


Fig Ка) shows the appearance of a spherometer. It consists 
essentially of a fine, accurate and pointed micrometer screw D, known 
as the central screw which can turn in a nut fixed to a metal tripod 
stand. The three pointed legs А, B and C of the tripod are of equal 
length and arranged at the corners of an equilateral triangle. The 
axis of the screw D is perpendicular to the plane ABC and passes 
through the centre of the circumscribed circle of the triangle ABC. 
The screw carries at its top a milled head 7, by turning which the screw 
D can be moved up and down. Below the milled head T, there is a 
circular disc S, the circumference of which is divided into equal parts - 
which form the circular scale. To the side of the disc and nearly in 
contact with its rim, a short, vertical and linear scale M is fixed to the 
frame, with its edge parallel to the axis ofthe screw. The linear scale 
is graduated in divisions equal to the pitch of the screw. 


Experimental procedure : 


(1) Ascertain the total number of divisions in the circular scale 
(usually 100 divisions) and the value of each division of the linear 
scale M (usually 1 mm ог 0:5 mm). Rotate the circular scale 5 by 
turning the milled head T till the zero-mark of the circular scale is 
in flush with a certain mark of the linear scale M. ‚Then turn the 
circular scale through one complete rotation. Notethe distance through 
which the edge of the circular scale moves alongthelinear scale. This 
is screw pitch. Divide the screw-pitch by the total number of divisions. 
on the circular scale to get the least count of the instrument, 
Next, turning the milled head T in an anti-clockwise direction, raise 
the central screw to a certain height from the level of the plane ABC. 

(2) Now, put the spherometer on the central part of the spherical 
surface (say, the convex surface of a convex lens). Turn the milled 
head slowly in the clockwise direction till the pointed tip of the central 
screw j 1st touches the convex surface. Note the division of the circular 
scale standing against the linear scale [24 division in fig, 1(а)]. This 
is circular scale reading. Suppose it is p. 

(8) Without altering the position of the circular Scale, remove 
the spherometei carefully from the convex surface and place 


it ona 
plane glass plate. Turn the milled head T slowly in the same 


direction 
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-e. clockwise till the central screw just touches the glass plate. In 
doing so, if the total number of complete rotations given to the circular 
scale be n and if n' be the extra* reading of the circular scale, then 
the total circular scale reading m—n x N--n' [N —total no. of divisions 
in the circular scale]. 


According to the circular scale reading, ћ=т — p. 


(4) Multiply the above value of л by the least count (expressed 
in ст). This gives the value of Л in centimeter. 


(5) Repeat the observations to get several values of Л and find the 
mean of them. 


(6) Raise the central screw to a certain height and place the 
spherometer on a sheet of white paper. Press the spherometer lightly. 
This produces impressions of the points of the three legs of the sphero- 
meter on the paper. From these impressions, draw the equilateral 
triangle ABC. With the help of a metre scale find the lengths of the 
three arms of the triangle and therefrom, the mean length (d). 


(7) Substituting the values of / and d in the equation mentioned 
in the theory, find the value of R, the radius of curvature of the spherical 
surface. 


Measurements : (a) Least count of the instrument : 


The value of each division of the linear scale—.. mm. 
Total number of circular divisions—.. (М). 
Screw-pitch=.. mm. 

S ; 
Least count (L.C) - ==” pitch =.. шт=.. cm. 


(5) The mean length of the three legs of the tripod : 
(i) .. ст (1) ..cm (iii) +. ст. 
<. Mean length (d)—.. cm. 


* n'. is obtained from the initial circular scale reading (р) and final circular scale 
Teading (p’ say) in the following way : | 
(i) If the direction of the movement of the screw increases the circular scale 
reading, then, n'—(100—p)--p' when p>p’ and n’=p’—p when p’>p, 
Gi) If the direction of the movement of the screw decreases the circular scale 
reading then n’=(100—p’)+-p when p’>p and n’=p—p’ when p>p’. i 


{ 
Í 
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(c) The value of h :. 
( Numerical figures given in the table are simply for illustration). 


Value | Value 
of hin | of Ain 


Cir. scale reading when the 


. of screw touched the glass plate 
Obs. === | cir. cm. 
reading | No. of final |Additional scale | (т—р) 


complete! сіг. | no. of cir. divi- | xL.C. 


rotations| scale Scale sions 
(п) reading | divisions (m—p) 
touched (р? rotated 


the 
convex 
surface 


(р) 


87 


[In the above tabie М is taken as 100] 
2 
(d) Calculations : кей Bess cm. 
Remarks: (i) While taking readings, the central screw should 
be turned always in the same direction to avoid back-lash error. 


(ii) Several observations should be taken at different points of 
the spherical surface. 


Oral questions 


1. For what purpose is the spherometer used ? 
Ans. For measuring smail lengths like the thickness of a sheet or the radius of 
curvature of a spherical surface. 


2, What is screw-pitch ? 
Ans. The perpendicular distance between any two consecutive thre: 
: ai 
Screw is called the pitch of the screw. A 
3. Why is the screw rotated always in one direction 7 
Ans. To avoid back-lash error. С 
4. What is the radius of curvature of а spherical surfage 7 


Ans. The radius of the sphere of which the surface j i 
vadius of curvature of the spherical surface, ns DAT is Called the 
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5. What is the most reliable test for finding that all the legs of a spherometer 
and the tip of the central screw lie in the same plane ? 


Ans. When the instrument is placed with its three legs on an accurately plane 
surface and the centrai screw is turned downwards until its pointed end just touches 
the surface, both the lincar scale and the circular scale should read zero, if the 
instrument is perfect. 


6. Which of the two quantities d and 1 should you measure more accurately 
and why ? 


Aus. а; because its value is small and its power is 2 in the formula. 


12. To read Fortin's barometer : 

Apparatus : A Fortin’s barometer. 

Theory : From Toricelli’s experiment it is known that if a glass 
tube of about | metre length, open at one end and closed at the other 
be filled with dry and clean mer- 
cury and then inverted оуег a 
trough containing mercury with 
the open end dipping in the mer- 
cury, then a column of mercury 
Stands in the tube. The weight 
of the mercury column. standing 
in the tube per unit area is equal 
to the atmospheric pressure. 
Generally the atmospheric 
pressure is expressed in terms of 
the vertical height of the mercury 
column. 


Description of the apparatus : 
Fig 2 shows a section of Fortin’s 
barometer. It consists of the 
following parts : 


(i) Barometer tube: ABisa 
glass tube of uniform bore, having 
length about 1 metre with one епа 
closed and the other open. It is 
filled completely with dry andclean 
mercury and inverted over another 
vessel D with the open and dipping 
into the mercury of the vessel D. Fig. 2 
The barometer tube is enclosed in a brass tube (partly shown in the 


figure). The tube is fitted against a wooden frame which is clamped 
D. P. P.—2 
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to the wall of a room in a vertical position. Thereare two diametri- 
cally opposite slits, about 20 cm long and 13 cm broad, near the top- 
end of the brass tube. Through this slit, the glass tube and the 
mercury meniscus become visible. 


(ii) Mercury reservoir: D is a reservoir containing dry and 
clean mercury. The level of mercury in the reservoir can be raised 
or lowered by a screw E fixed at the bottom of the reservoir. When 
the screw E is turned, a leather bag increases or decreases in volume, 
thereby lowering or raising the level of mercury. Air can pass 
through the leather bag but not the mercury. As a result, the pressure 
on the mercury surface in the reservoir D is equal to the atmospheric 
pressure, Ап ivory pointer C is provided to adjust the level of 
mercury in the reservoir. [This portion of the barometer has been 
shown separately in the figure.] 


(iii) Scale; There is a scale F engraved on the brass tube, the 
zero-mark being in the level with the tip of the ivory pointer C. To 
measure the height of the mercury column, a vernier G has been 
provided with the scale. A screw Н attached with the brass tube can 
move the vernier G up and down. 


Experimental procedure : - 


.(1) Find the value of each small division of the main scale and 


the total number of vernier divisions. From this find the vernier 
Constant, 


(2) Next see whethertheivory pointer C just touches the mercury 
surface in the reservoir D. If it does not, there will be some gap left 
between the tip of the pointer and its image formed by the shining 
mercury surface. If, on the other hand, the tip dips into the mercury. 
a dimple will be formed there. Whatever may be the case, adjust die 
mercury surface by the screw E so that the ivory pointer C just 
touches it. This happens when the tip of the pointer just coincides 
withitsimageinthe mercury. Itis known as zero-adjustment because 
by this adjustment the surface of mercury in the reservoir comes in 
level with the zero-mark of the scale F. 


(3) Turning the screw H, raise the vernier G to a certain height 
above the level of mercury in the tube and then slowly lower it. Keep 
your eye at the level of the convex surface of the mercury meniscus 
and slide down the vernier till its lower edge is tangential to the convex 
mercury meniscus [Fig 2(2)). To do this adjustment correctly, a milk- 
white plate is fixed on the wooden board behind the vernier. As 
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soon as the vernier is adjusted correctly, the milk-white plate being 
completely obstructed by the vernier, will 
disappear from view. It is known as 
vernier adjustment. 


(4) Read the main scale and the 
vernier scale avoiding parallax. Repeat 
the observations at least, thrice and find 
the mean height of the mercury column. 
Note the temperature from the thermo- 
meter attached with the barometer. 


Measurements : 


.. vernier divisions—main scale divisions 


=.. mm. 
В » =.. шш. 
So, Vernier constant (v.c.)=.. mm. Fig. 2 (a) 


Temperature at the time of observation=.. °C 


Value of h : 
(Data given are for illustration only) 


No. Main scale Vernier reading | Vernier reading Total Mean 


reading ХИС. reading | height 
Obs. mm. mm. (a+b) (h) 
(a) (b) mm. 
1. 754 12 12x01—12mm| 7552 потта 
S. 


Atmospheric pressure—....mm of Hg. 


Remarks: (1) The barometer tube must be fixed vertical, 


(2) While making zero-adjustment or vernier adjustment, parallax 
must be avoided. 

(3) Temperature correction of the barometric height should be 
done. ЈЕЛ be the height of mercury column observed at {°С, then 
the correct height Ло is given by the following relation, ВА 
(y—«)t} where y=coefficient of cubical expansion of mercury and 
a=the coefficient of linear expansion of the material of the scale 
(brass). 
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(4) Atmospheric pressure in dynes/cm?, may be obtained from 
the formula, P=hopo.g where po—density of mercury at 0°C. 


13. Travelling Microscope 
In some of the experiments on general properties of matter and 
optics, students will have to handle a travelling microscope. As the 
students had no opportunity of getting acquainted with this instru- 


= 
РЕ 


i "ТЕНИ 
2271771777777; ў 
— ——— — 


Fig. 3 
ment earlier, a description of the instrument is given first and then a. 


simple experiment to familiarise the students with the use of it. 
Fig 3 shows the appearance of a travelling microscope. It consists 
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| of a compound microscope M movable in the horizontal as well as in 

the vertical directions. In both the directions there is a main scale 
| along with а vernier. The vernier V, along with its main scale 
| measures the horizontal displacement ard the vernier V; along with 

its main scale measures the vertical displacement cf the microscope. 
| With the help of the fixing screw P, the microscope M can be set 

vertical, horizontal or inclined at any angle. The tangent screw 7, 
| gives the microscope a slow horizontal motion while the tangent screw 
| T, а slow vertical motien. The tangent screws will, however, work 
| only when the fixing screw О and another fixing screw given 
at the back of the piilar гле tight. If the screw О and that at 
the back of the pillar are not tight, the microscope can be moved 
casily and freely by hand. Е represents the суе-ріесе of the compound 
microscope. Looking through the eye-piece, the image of the object 
under observation will be visible. О is the objective of the microscope. 
For horizontal measuremtnt, the object is placed on the platform А. 
The platform can be made horizontal and the pillar vertical by turning 
the levelling screws (Z4, La, L3) at the bottom of the instrument. 


| 1:4, Determination of the diameter of the bore of a capilla у tube by 2 
travelling microscope : 


Apparatus: А travelling microscope, а capillary tube, suitable 
| stands, а spirit level ctc. 

| Theory: Jf у, be the read ng when the intersection of the cross- 
wires of the microscope coincides with the left edge of the bore of the 
} tube and у; that when the intersection coincides with the right edge, 
| then the diameter of the bore D=),~yo. : 


Experimental procedure : 


(1) Find the value of the smallest division of the main scale and 
the total number of divisions in the vernier. Find how many divisions 
of the main scale are equal to the total length of the vernier divisions. 
From this calculate the vernier constants of the two scales—horizontal 
and vertical.* 
(2) Keep the spirit level on the platform of the microscope so that 
axis of the spirit level is parallel to the line joining the base screws = 
L, and L, Bring the bubble at the centre by turning the levelli 28. 
| screws L, and La Now rotate the spirit leyel such that its axi 
perpendicular to the line joining the screws L, and 1. Turn the t| 


а у че Rave the same vernier constant, 


| Date i 95. 3.9 УДА бту я 
EUM Lu x cu 25.2.3 {f° ^ \ 
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levelling screw Г, to bring the bubble at the centre. When this is 
done, the platform becomes horizontal and the pillar vertical. 


(3) By raising or lowering the eye-piece E, focus it on the cross- 
wires till you see them sharply defined. This is to be done: without 
straining the eyes. If necessary turn the cross-wires so that one is 
horizontal and the other is vertical. Loosening the screw P, turn the 
microscope till its axis is horizontal. Examine with the spirit level 
whether the axis is exactly horizontal. 

(4) Now fix the capillary tube in a suitable stand and turn its bore 
towards the objective of the microscope. By turning the focussing 
Screw B, focus the boretill a sharp and magnified image is seen. Fix the 
microscope with the screw О. Turning the tangent screw Т, slowly 
move the microscope towards left till the vertical cross-wire becomes 
tangent on the left side of the bore [Fig 12(a)]. Read the horizontal 
main scale and the verniér У. Let the reading be уу. 


(5) Unfixing the screw Q, move the microscope Slowly with hand 
towards the right side till the vertical cross-wire is almost tangential to 
the right side of the bore. Now fix the screw О and turn the tangent 
Screw Тү till the vertical cross-wire is exactly tangent to the bore. 
Again note the main scale and the vernier (Vj) readings. Let the 
reading be yp, Repeat the Observations, at least, thrice. In this case, 
the horizontal diameter of the Боге D,=( Улму). 


‚ (б) Now raise the microscope along the vertical scale till the 
horizontal ctoss-wire is almost tangential to the upper end of the bore. 
. Tightening the fixing screw, turn the tangent screw Ту, till the hori- 
Zontal wire is exactly tangential to the bore. Note the readings of 
the vertical scale and the vernier V, Let the reading be уз. Similarly 
make the horizontal wire exactly tangential to the lower end of the 
bore. Let the reading, in this case, be у.. Repeat the observations 
thrice. Inthis case, the vertical diameter of the bore D4—(ysesy). 
(7) The values of D, and D, will be Very near to each other, if the 
bore is circular. Find the mean value of D, and D3. 
Measurements : 


Value of the smallest division of the main scale— 


.. mm=.. ст, 
- Vernier divisions— 


--smallest divisions of the main scale 
=. лат 
-. 1 vernier division—. ‚ют 
Hence, vernier constant=..mm=..cm* 


*In case the vernier Constant is different for the two verniers, the vernier 
constants are to be mentioned Separately. 
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Remarks: (1) Parallax between the image and the cross-wires 
must be avoided. 


(2) The bore is not circular if the horizontal diameter is widely 
different from the vertical one. 


1.5. Determination of Young’s modulus of the material of a wire by 
Searle’s method : 


Apparatus: Searle’s apparatus, screw-gauge, slotted weights, 
metre scale etc. 


Theory: Within elastic limit,s tress oc strain. Now, Young’s 
modulus ју _ tess М] Mg.L (5 done an уеге 
Y=Young’s modulus, L cm=length of the wire ; Mgm=load applied; 
1 cm=elongation of the wire ; 4 cm—diameter of the wire. 


Description of the apparatus : 
Fig 4 shows the section of Searle's 
apparatus. М, and М» are two 
metallic rectangular ^ frame-works 
provided with two torsion heads 
М, and N, The frame-work is 
suspended from two other torsion 
heads T, and T, by means of two 
wires А and B of same length, mate- 
rial and cross-section, the torsion 
heads being fixed to the roof of a 
Toom. The wire А is called the 
experimental wire while the wire 
B is known as reference wire. А 
weight W is suspended from the hook 
of the frame-work M; in order to 
keep the wiretaut. Suitable weights 
may be placed ona Scale-pan Н fixed 
to the hook of the frame-work M;. 
A spirit level Sis kept in а horizontal 
position on a support, one end of 
Which is fixed to a point on the frame- 
work Ma, the other end resting on the 
pointed end of a micrometer screw 
attached to the other frame-work M. № 
у horizontal, the bubble will stand symmetrically 
arks given on the glass case of the Spirit level. 


Fig. 4 
the spirit level is exactl 
between two short m: 
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When the experimental wire A elongates, the spirit level tilts and the 
bubble is displaced. Turning the micrometer screw, the spirit level 
can be restored to its horizontal position. The micrometer screw can 
move along a straigh scale graduated in millimeters. 


Experimenta! Procedure : 

(1) With the help of a screw gauge, measure the diameter (d) of 
the wire A. This measurement is to be taken, at least, at five different 
places of the wire and in mutually right angle directions at each place. 
From these observations, mean diameter is to be calculated, and then 
compute the value of the cross-sectional area (xd?/4) of the wire A. 

(2) Muitiplying the cross-sectional area by the breaking stress of 
the material of the wire (to be supplied), breaking weight may be 
obtaired. It is to be noted that the total load placed on the scale-pan 
attached to the frame-work Му should, under no circumstances, exceed 
half the breaking weight. For example, if the breaking weight be 14 Kg, 
the maximum Ісай permissible is 7 Kg. 

(3) Put the maximum permissible load (say, 7 Kg) on the hook 
of the frame-work Му. Allow the wire to remain stretched for some 
time. Then, keeping a small weight (say, 1 Kg) on the hook, remove 
the others. This small weight left on the hook will keep the wire A 
free from kinks. It is called dead-load. 

(4) With the help of along wooden rod and a metre scale, ascertain 
the length of the wire А from Т, to №. Repeat the measurement, at 
least, thrice and find the mean length (Z). 

(5) Now turning the micrometer screw, bring the bubble at the 
centre of the spirit level. Take саге that the micrometer screw is 
rotated always in the same direction ; otherwise back-lash error will 
come in. Note the readings of the linear scale and the circular 
scale, This is the initial reading. 

(6) Divide the additional permissible load (over and above the 
dead-load) that may be put on the hook of the frame-work М, (for 
example, 7 kg—1 kg=6 kg) into 10 or 12 equal instalments, each of 
$ kg or 1 kg (1 kg instalment is preferable if the load is large while 
$ kg instalment in the case where the load is comparatively smaller). 
Now, go on putting weights by steps of $ kg over the dead-load till 
the maximum permissible load is reached. At every step, the bubble 
of the spirit level will be displaced due to the elongation of the wire A 
but at every step, the bubble is to be brought back at the centre by 
turning the micrometer screw always in the same direction at every 
step. Thé readings of the linear scale and the circular scale are also 


to be noted 
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(T) Now remove the $ kg weights from the hook, one by one and 
read thelinear and circular scales at every step after bringing the bubble 
at the centre. This will give two readings for each load—one while 
the loads were increasing and the other while they were decreasing. 

the mean value of these two readings in each case. From these, 
different loads and corresponding elongations can be found out. 

(8) Draw a graph plotting the additional load (except the dezd- 

load) expressed in kilogram along 
Y у the X-axis and the elongation of 
the wire expressed in centimetre 
along the Y-axis. Origin should 
be the (0,0) point. The graph 
will be a straight line passing 
through the origin [Fig 4(a)]. 
Take any point P on the straight 
line and draw PM perpendicular 
= LOAD (Kg) on the X-axis. Find from the 
Fig. 4(a) graph the value of the 1024 OM 

and the corresponding elongation PM. 

(9) Substitute the values in the equation mentioned in the theory 
and calculate the value of Young's modulus. 

Measurements : (a) Measurement of the diameter of the wire by 
Screw-gauge : 

Value of the smallest division of the linear scale=..mm. 


Screw-pitch=...mm ; Total number of divisions in the circular 
scale=... 


—>ELONGATION (om) 


арка У Зза, 


Least count (L.C.)=...mm. 


Mean 
dia- 


5 


[Note: Figures (i), (ii) denote mutually perpendicular readings at each place] 


à 
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- 5 d? 
The cross-sectional area of the Wire? =: .Sq. cm. 


(b) Breaking weight for the wire: Breaking wt.—Breaking 


2 
Stress x m.. -kg 


Maximum permissible load=} x breaking wt=. .kg. 
(c) Length of the wire: (i) ...cm (ii) ...cm (iii) ...cm. 
Mean length of the wire (L)=..cm. 
(4) Load-elongation table : 


The value of the smallest division of the linear scale of the micro- 
meter screw=...mm ; Screw-pitch=...mm ; total number of circular 
scale divisions=.... 


.. Least count (L.C.)=...mm 
Dead-load —...Kg 


[See table on Page 28] 
(e) Table for drawing graph: [From the table (d)] 


Additional | | 
load in kg 0 | + | 1 1} 
Elongation in | 
cm——> 0 | .005 
(f) Calculations : From the graph, elongation (PM)=....cm (I) 


and corresponding load (OM)—... Kg=... gm(M) 
yat (№)... ает 
nd? Xl 

[NOTE : Instead of reading main scale and circular scale everytime during 
load increasing and load decreasing, only circular scale reading will suffice. In 
that case, the total number of complete rotation of the circular scale and extra 
circular scale reading аге to be noted at each step of $ kg load. From this, the 
elongation can be found out. See expt 1-1 on spherometer.] 

Remarks: (1) When a set of readings are taken, the micro- 
meter screw must be rotated in the same direction to avoid back-lash 
error. (2) The wire may not be uniform or cross-section may not 
be exactly circular throughout the length of the wire. To avoid 
Consequent error in the measurement of diameter, the screw-gauge 
reading is to be taken at different places and at mutually perpendicular 
directions at each place of the wire. (3) After adding a load or 
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removing а load, some time should be allowed before the next reading 
is taken ; this will hep the wire to elongate or contract fully. (4) The 
dead- fond should be of such value as would keep the wire taut. 
(5) While taking a reading, care should be taken so that the wire does 
not oscillate or get twisted. 


Oral questions 


1. Define the following terms :—(i) Stress (ii) Strain (iii) Youngs modulus. 

Ans. Consult any text book. 

2. What is the necessity of taking a dead-load ? 

Ans. Dead-load removes the kinks of the wire and keeps the wire taut. 

3. What is the harm if the two wires of the instrument are hung from two 
seperate supports ? 

Ans. Errors will come in if the support buckles due to load. If the wires are 
hung from the same support, buckling will affect both the wires equally and no error 
will come in the measurement of elongation. 

4. On what factors does the Young’s modulus depend ? Will its value be 
different if a thicker wire is used ? 

Ans. Young’s modulus depends on the material. Material remaining the 
same, Young's modulus will be same whether the wire is thicker or thinner. 
For the thicker wire, the elongation will be less and for a thinner wire, it will be 
longer. 

5. In measuring which quantity in the above experiment would you take | 
utmost care ? 

Ans. In measuring the diameter of the wire ; because its power is2 

6. What is the nature of the load-elongation gra : 
through the origin 7 OP Epa WY should tt ass 

Ans. It is a straight line. As zero load produces zero elongation tl 
line should pass through the origin. ЕВ 

7. What is the utility of determining the breaking weight ? 

Ans. Every wire has a limit of carrying weight. If the limit is exceeded, the 
wire snaps. To have an idea of the limit, it is necessary to determine the breaking 
weight. | 

8. Why is it that the maximum permissible load is not more than half the 
breaking weight ? 

Ans. Within this limit, the stress is proportional to the strain. If the limit is 
exceeded, the wire cannot recover the strain fully and a permanent set is left in 
the wire. 

9. What will happen to the diameter of the wire if the length increases ? 
What is the relevant elastic constant called ? 

Ans, The diameter decreases. The relevant elastic constant is called Poisson's 


lateral strain 
longitudinal strain. 
10. What are the units of Young's modulus and Poisson's ratio ? 


Ans, Young's modulus--dynes/cm* ; Poisson's ratio—no unit ; it is а pure 
Sumber. 


ratio. Poisson’s ratio= 


30 DEGREE PRACTICAL PHYSICS 


1:6. Determination of Young's modulus of the material of a wire by 
torsional oscillation according to Searle’s method 


Apparatus : Two equal bars made of brass of Square cross-section 
having length about 30 cm and breadth about 2 cm provided with 
suitable, screws and clamps, a wire of about 50 cm length and about 
1 mm diameter of the material under test (say iron), a stop-watch, 
а screw-gauge, a pair of slide callipers, metre scale, a weight box, a 
balance etc. 

Description of the apparatus : Referring to fig 5, two equal brass 
bars AB and CD of square section are joined at their centres by a fairly 

3 short and moderately thin wire 
W of the material whose Young’s 
modulus is to be determined. The 
system is suspended by two parallel 
torsionless threads so that in the 
equilibrium position, the bars AB 
and CD may be parallel to each 
other with the plane ABDC hori- 
zontal and the wire W straight. If 
the two bars be turned through 
equal angles (6) in opposite direc- 
tions (faces A and C coming closer 
to each other, say) and be, then, 
set free, the bars will execute flexural vibrations in a horizontal plane 
with the same period about their suspension threads. 

Theory: (i) When the bars AB and CD are set into oscillation 
as mentioned above, the motion of the bars is simple harmonic 
and hence, the time-period of vibration is given by, 


Fig. 5 


Ten DLE Ат 
Улн Т.т 


where Y—Young's modulus of the material of the wire (W) under test 

L-length of the wire 

r=radius of the wire 

I—moment of inertia of the bar AB or CD about their suspen- 

sion thread. 
T—time-period.of oscillation of AB or CD. 
(ii) If l and b be the length and breadth respectively of the bar 

AB or CD and М its mass, then since the bar has rectangular cross- 
section, its moment of inertia about the Suspension thread is given 


M 
=>= (ID--b?). 
by, p. +b?) 


ны 
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Experimental procedure: (1) Take two cotton threads (about 
60 cm in length) and suspend the two bars by means of the threads 
from a rigid support so that when the system is at rest the axes of the 
bars and the wire (W) lie in the same horizontal plane and the wire is 
straight. 

(2 To count the number of oscillations of the bar AB 
conveniently, set up a pointer close to the end A and puta chalk- 
mark on the face A inline with the pointer when the bar is at rest. 

(3) Make a loop of thin cotton thread and slowly slip the loop 
over the ends A and C. The ends will be drawn slightly together and 
the wire W will be bent in the form of an arc (Fig 5). Allow the system 
to remain constrained for a while. 

(4) Burn the thread. The bars will be suddenly released and 
they commence to oscillate. The ends A and C (in the same way the 
ends B and D) will alternately come closer to each other and recede 
away from each other. 


(5) To count the number of oscillations and the time taken thereon, 
start the stop-watch when the chalk-mark on the face A, moving from 
right to left crosses the pointer. When the chalk-mark will again 
cross the pointer, moving from right to left, one complete oscillation 
is over. Stop the watch as soon as 20 such complete oscillations 
are executed. Note the time taken for the purpose and find the time- 
period therefrom. 6 


(6) Repeat the observations, at least, thrice and find the mean 
time-period (T). 

(7) Find the length (2) of the wire ЈУ by а metre-scale and radius 
by a screw-gauge. Find also the length (/) and the breadth (b) of each 
bar AB and CD by slide-callipers. Weigh the bars in a balance and 
find their mass (M). 


Measurements : (a) Table for measurement of time-period 


No. No. of Total time | Time-period : Mean 
of complete (t) E time-period 
Obs | oscillations ў 20 (Т) 
1 20 | Ѕес 
2 » 


Sec 


Bar| Quan- 


ЕЕ 
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(b) Measurement of radius of the wire (r) : e 
Make a table for screw-gauge readings like that of the expt. 1:5 
(c) Measurement of the length of the wire (1): 
(i) ... em (ii) ... cm (iii) ... cm. Mean length=... cm. 
(d) Measurement of length and breadth of the bars : 


Vernier constant of the slide-callipers—.. cm. 
i. 


Main | Vern'er 
scale | reading 


Total 


Instru- 
mental 


Breadth 
(b) 


Length 
() 


Breadth 
(5) 


Remarks 
Mass 

is 
equal 


b?) gm— ст” 


(f) Calculations : 
Moment of inertia of the bar, 1-и (P+ 


=.. gm— ст? 
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Remarks: (1) While taking observations for the time-period, 
the amplitude of oscillations should be small (0<4°). In that case, 
threads will remain vertical and there will be no horizontal component 
of the tension on the wire. Moreover, the strain in the wire 
will remain within elastic limit. (2) Since the radius of. 
the wire occurs inthe fourth power in the formula, and is a small 
quantity, it should be measured very carefully. Readings should be 
taken at a number of points equally placed along the wire, two perpendi- 
cular diameters being measured ateach place. (3) Since time-period 
occurs in the second power, it should also be measured accurately 
by timing as large number of oscillations as possible with an accurate 
stop watch. (4) All undesirable motions should be completely 
avoided. 


Oral questions 


1. For the suspension of the bars, why torsionless threads are preferable to 
meatllic wires 7 


Ans. If a metallic wire is used, it will undergo twisting causing a couple to act 
on the bars. In that case, the formula mentioned in the theory will not be applicable. 


2. Is there any condition regarding the amplitude of oscillation while deter- 
mining the time-period ? If so, why ? 


Ans. The amplitude should be small (0<4°) ; See remark no. 1. 


3. Is there any harm if the cross-section of the bar is circular instead of 
rectangular ? 


Ans. No harm ; only difference 15 that moment of inertia of the bar 
2 a 
rs + a) where D=diameter of the bar. 


4. Why do the bars oscillate? What factor controls the period of oscillation? 


Ans. When the ends A and C of the bars approach each other, the wire W 
bends in the form of an arc. Due to elasticity, the wire develops a shearing couple 
which sets the bars in torsional oscillation. The bending moment of the wire W 
controls the petiod. 


5. What are the advantages of Searle’s method ? 


Ans. By this method, Young’s modulus can be very easily determined. In 
stretching method a long wire is needed but in this method, a short wire "will do. 
Further by Searle's method we can dete nine the modulus of rigidity and Poisson’s 
ratio of the material of the wire. 

6. Why should you take extra care in measuring the radius of the wire ? 

Ans. Seeremark no. 2. 

[Questions on expt no. 1.5 are also applicable in this case]. 


D, P. Р—3 
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1-7. Cathetometer 


Vertical heights are usually measured accurately by a travelling 
microscope. But the range of a travelling microscope is short, because 
of its short size. For the measurement of large vertical heights, a 
cathetometer is a very convenient apparatus. 

* It consists of a small telescope Т [Fig 6] with horizontal axis which 
can be moved up and down along and clamped to a vertical column 
AB. The column AB 15 graduated 
in centimetre, the position of the teles- 
cope on the scale being read by a vernier 
У on the telescope holder. The telescope 
T along with AB can be rotated about 
a vertical axis. The telescope holder is 
attached to a slider i.e. the carriage 
which slides along AB by a screw P 
with a large head. By means of the 
micrometer-screw a fine movement of 
telescope can bé done after the slider 
has been clamped. The telescope carries 
a spirit level L. The spirit level along 
with the three levelling screws (51, So, S4) 
atthe three legs of the stand help to 
make the axis of the telescope horizontal 
and the column AB vertical. There is a 
screw О attached to the telescope which 
allows the telescope to tilt slightly and 
thus permits its axis to be adjusted. 

To use the instrument, it is first adjusted with the aid of the Spirit 
level so that the scale (i.e. the column AB) is exactly vertical and the 
axis of the telescope horizontal. For this adjustment, the following 
levelling procedure is adopted. 

0) Turn the column AB till the axis of the telescope is parallel to` 
the line joining any two of the base levelling screws (say S; and S;) 
(Some instruments may have two levelling screws, the third leg resting 

' on a pin of fixed height. In such case, the telescope axis should be 
made parallel to the line joining any of the two levelling screws (say 5 ) 
and the fixed pin). Bring the bubble of the spirit level half-way back 
to the centre by turning the screw Q and the other half by turning the 
two base screws 5, and S, by equal amounts in opposite directions 
simultaneously. (In the case of a fixed pin instrument, turn the screw 

О half-way and the screw S, other half-way). 


Fig. 6 


| 
| 
| 
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(ii) Now turn the column AB through 180°. If the bubble be not 
at the centre, bring it half-way back by the screw О and the other half- 
way by S, and S, (or by S, only in the case of a fixed pin). 

(iii) Next turn the column AB so that the axis of the telescope is 
at right angles to the previous line joining the base screws S, and Ss 
(or S, and the fixed pin). Bring the bubble back to the centre, if it is 
found displaced, by turning the screw S, only (or S, in the case of 
fixed pin). 

Repeat the observations (i), (ij and (iii) several times. The 
bubble will finally remain at the centre whatever may be the direction 
of the telescope axis. 

The telescope is then focussed on one end of the height to be 
measured and its cross-wire made to coincide with it. The position 
of the telescope is read from the vertical scale. The telescope is 
then moved up or down along the column AB and its cross-wire is 
made to coincidé with the other end of the height to be measured and 
the scale reading is again taken. The difference between the scale 
readings for the two positions of the telescope gives the height to be 
measured. 


1:8. Determination of the Young's modulus of the material of a 
bar by the method of flexure : 

Apparatus: А bar of uniform rectangular cross-section and of 
length about 1 metre, made of a material whose Young's modulus is 
required (say, brass), two stout iron stands with levelling screws at the 
base and a sharp knife-edge fixed at the top, a rectangular stirrup with 
a knife-edge and a vertical pointer, a travelling microscope (or a 
cathetometer), standard weights, spirit level, a hanger, metre scale, a 
pair of slide callipers etc. 

Theory: Suppose, 2 uniform rectangular bar supported 
symmetrically on two horizontal and parallel knife-edges be depressed 
by a load of mass m gm, suspended from the beam midway between 
the knife-edges. Then the depression x of the middle of the bar is 

m.gr ог Y= тайа = gr ` (3) 
4b.d? Y 4b.d*.x  4b.d? x 
where Y—Young's modulus, /—length of the bar between the two 
knife-edges, b=breadth, d—depth of the bar and &=acceleration 
due to gravity. 


given by x= 
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Experiment procedure : (1) Draw a line with the help of a pencil 
exactly at the centre of the flat face of the bar parallel to breadth. 
Draw two more similar lines A and B at equal distances from the 
extremity (say 5 cm) so that the distance between A and B may be 
about 90 cm. Now place the stands C and D at such distance away 


Fig. 7. 
that the marks А and B of the bar may rest on the knife-edges of the 


Stands [Fig 7]. The bar, at first, should rest on the knife- 
its depth vertical as shown in the figure. 
(2) Put a spirit level on the central pencil niark of the bar and 


make the bar exactly horizontal by turning the levelling screws at the 
base of the stands. 


[Note : In some apparatus, leve 
cases, levelling is not necessary.] 

Remove the spirit level and place the stirrup with the pointer P 
in its place, the knife-edge of the stirrup exactly coinciding with the 
Pencil mark. Suspend the hanger Q from the hook of the Stirrup, 
Make the pointer vertical. 

(3) Place a travelling microscope (or а cathetometer) on the 
table in front of the pointer at such a distance away that the pointer 
may be well-focussed, By turning the levelling screws make the 


edges with 


lling screws are not provided with. In such 
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(4) Keeping the hanger empty, raise or lower the microscope (or 
the cathetometer) along the vertical scale till the pointed end of the 
pointer just touches the hori- 
zontal wire of the cross-wires 
[Fig 7(a)] This coincidence 
should be done avoiding parallax 
error. Read the main vertical 
scale and the vernier. This is the 


image of pointer 


initial reading. Cross-wire 
(5) Put a load of $ kg (or : 
1 ке convenient) оп the hanger. Fig. 7(a) 


The bar will be slightly depressed and the tip of the pointer will go a 
little below the horizontal cross wire. Now adjust the position of the 
microscope (or the cathetometer) so that tip of the pointer again 
touches the horizontal wire. The tangent screw provided with the 
microscope (or the cathetometer) may be used, if necessary, for fine 
adjustment of the microscope (or the cathetometer). Again read the 
vertical scale and the vernier. 

(6) Increase the load on the hanger by equal steps of + kg (or 
1 kg as the case may be). Adjust the position of the microscope (or 
the cathetometer) at each step to bring the tip of the pointer just in 
touch with the horizontal cross-wire and take the main scale and 
the vernier scale readings. The observations are to be repeated using 
six or eight 4 kg loads. 

(7) Now remove the loads fromthe hangerby the same step of } kg 
(or 1 kg) and adjusting the position of the miscroscope (or the catheto- 
meter) so that the tip of the pointer just touches the horizontal cross- 
wire at each step, take the readings of the main scale and the vernier 
scale. This is to be repeated till the hanger is again empty. This 
will give us two readings for each load—one when the load was increas- 
ing and the other when the load was decreasing. Find the mean of 
these two readings. From these mean readings, different loads and 
corresponding depressions can be found out. 

(8) Without disturbing the positions of the stands, slowly turn 
the rod upside down so that upper face goes below and the lower face 
comes up. Check whether the distance between 4 and B remains 
the same. Now repeat the observations No. 4, 5, 6 and 7. 

(9) Remove the bar taking care not to disturb the positions of 
the stands. With the help of a metre scale, measure the distance (J) 
between the knife-edges to the nearest millimeter. Using different 
parts of the scale, repeat the measurement several times and get the 
mean value. Using slide callipers, measure the breadth (5) and depth 
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(d) at several places of the bar and find the mean breadth and mean 
depth. 


(10) Draw a graph plotting lead т (in kg) along the X-axis and 
depression x (in cm) along the Y-axis, 
the origin being (0, 0) Two graphs 
are to be drawn from the readings of 
the two surfaces of the bar. The graph 
Should be a straight line passing through 
the origin [Fig 7(b) Take a point P 
on the straight line and draw a perpendi- 
cular PM on the X-axis. OM represents 
а certain load and PM the corres- 
ponding depression of the bar. Substi- 
tuting these values in the equation 
Stated in the theory calculate the 
M x - value of Y for the material. 
Load (Kg) —- (11) The mean of the two value 
of Y obtained from the two graphs 
Fig. 7(6) gives the correct value of the Young’s 
modulus of the material of the bar. 
(12) Time permitting, the whole procedure may be repeated, 
taking different values of / (say, 80 cm) or keeping the bar on its depth. 


Depression (cm) ——> 


Measurements : (a) Length of the bar between the knife-edges A and B. 


No. | Scale reading for | Scale reading for | Length Mean 
of the knife-edge А the knife-edge B (ухх) length 
Obs (х cm) | (у cm) ( cm) 
1. 
2. 

Iss 


(b) Load-depression table : 


The value of the smallest division of the main scale of the micros- 
cope (or the cathetometer)=... ст. 


... Vernier divisions=... smallest divisions of main slace 
=... сш. 
Vernier constant =... cm. 
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(c) Measurement of breadth and depth of the bar : 


Vernier constant of slide-callipers=.. cm. 
Quantity | No. Main Vernier | Total Mean Instru- | Corrected 
to be of scale scale | reading | reading mental reading 
measured | Obs | reading | reading (cm) error (cm) 


| 
Breadth | 2. | i. * 
(b) 


(d) Table for drawing graph [Data taken from load-depression 


table (5)] : 


Quantity 


=_= ња 
Load (in Kg)> 


|| 


Depression (in cm) 


Calculations : (а) From the 1st gtaph, load (ОМ)=. 


-kg—..gm(m) 
Depression (PM)—. .cm (x) 
a me [с 
А =. gm/om 
(5) From the 2nd graph, load (OM)—.. kg—.. gm(m) 
Depression (РМ) =. .em(x) 
= вт/ст. 
From the 1st graph, У, = d m —.. dynes/cm? [g —980 cm/s? 
Ab. d x 3 


» 5» 2nd. ,, Y,=.. dynes/cm? 


Mean тысын =.. dynes/cm? 


Proportionate and Percentage error s 
See Ex 1, Page 4 


И 


: (For Honours course only) : 
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Remarks: (1) As length and width of the bar occur in their 
third power in the formula, they should be measured very carefully. 
Slight error in the measurement of length or width will cause much 
error in the final result. (2) The load must be suspended from a 
point exactly mid-way between the knife-edges. (3) Instead of 
microscope or cathetometer, depression of the bar can also be measured 
by optical lever arrangement. (4) To secure symmetrical loading of 
the bar, the knife-edge of the stirrup should be parallel to the knife- 
edges of the stands. 


Oral questions 


1: Which quantity in this experiment should be measured with utmost care ? 

Ans. Length and width of the bar. They occur in their third power in the 
formula. 

2. Should you take a long length or a short length of the bar ? 


Ans. A long length is preferable ; for depression is proportional to cube of 
the length. Hence, greater the length, greater is the depression and less the error in 
measuring the depression. 

3. Will the Young's modulus be different if the breadth and width of the bar 
are altered 2 


Ans. No ; Young’s modulus is a property of the material ; As long as the 
material is not changed, Young’s modulus will remain the same whatever may the 
diamension of the bar. 


4. What is a cantilever 7 
Ans. Consult any text book. 
[N.B. Questions on Expt 1.5 are also applicable here.] 


1:9. Determination of the modulus of rigidity of a wire by statical 
method : 

Apparatus: Barton's rigidity apparatus, screw-guage, slide- 
callipers, weight-box, metre scale etc. у 

Description of the apparatus : Barton’s vertical torsion apparatus 
(Fig 8) consists of a wire of the material under test fixed at the torsion 
head 7 at the top to a rigid support and at the bottom to a heavy 
cylinder C of brass. The cylinder being very heavy keeps the wire 
vertical. Two parallel flexible threads leave opposite sides of the 
cylinder tangentially. Passing over two small frictionless pulleys, they 
carry at the other ends scale-pans of equal weights. Equal loads are 
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placed on the pans. Loads produce twist in the wire which is measuree 
by means of pointer P and a circular scale S graduated in degrees. 
The pointer can move over the circular 
scale without friction. There are three 
ievelling screws at the base of the frame. 


Theory: Suppose, the length of 
the wire=/: radius of the wire Я 
load placed on each of the рапѕ= т : 
the diameter of the cylinder C=D. 
twist in the wire —0 radian. 

In this casc, the moment of torsional 


anor? 
couple = ОТЕ where п modulus of 


rigidity of the matcrial of the wire. 
The moment of the external couple 
exerted by the !oads on the pans=m.g. D. 


E Le znür! 
For equilibrium, 3i -—m.g.D. 
а) 
Ос = DXEM 
22 ni) 


If the angle of twist be expressed 
in degrees and if it be $”, 


then ma radian —0. 
So, лыы ешш GONG 
Fig. 8 TAXT mrt \ф 


Experimental procedure: (1) Level the base of the apparatus 
by means of the levelling screws, testing the levelling with a spirit level, 
Adjust the pulleys to be at the same level and see that the strings 
leaving the cylinder in the opposite directions are parallel and also 
tangential to the cylinder and the pulleys. 

(2) Measure length (/) of the wire from the torsion head T upto 
the point where the wire is joined with the cylinder by a metre scale 
Repeat the measurement several times and find the mean length.* i 

(3) With the help of a screw-gauge, measure the diameter of the 
wire at different points and at mutually perpendicular directions at 

*Note : In some instruments, the lower end of the wire is fixed to the circular 


scale which is attached to the frame above the cylinder. In such 
} Е case, 
of wire means the length from the torsion head to the scale. ee ere 
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every point. From these measurements, find the radius (r) of the 
wire. 

(4) Measure the diameter (D) of the cylinder C at different 
places by slide callipers end calculate the mean value of the diameter. 

(5) Keeping no load on the scale-pans, read the position of the 
pointer P against the circular scale. In some instruments, double-end 
pointers are provided. In such case, both the ends of the pointer are 
to ђе read off. This is the initial reading. 

(6) Next place gently a load of, say 20 gm, on each pan. This 
will change the value of the applied couple and hence the twist in the 
wire. Again note the reading of the pointer. The change in the 
reading evidently gives the twist in the wire due to the additional 
couple applied on the wire. 

(7) Now increase the load on the pans by equal amounts till 
maximum permissible load is reached and take down the reading of 
the pointer after addition of each load. 

(8) Next remove the loads from the pans by the same equal 
amounts as were used previously till the pans become empty. Note 
down the reading of the pointer after the removal of each load. This 
gives ustwo readings for angle 
of twist for each load—one 
when the loads were increasing 
and the other when the loads 
were decreasing. Take the mean 
of the readings for each load. 
Subtracting the mean reading 
for zero load from the mean 
readings for: other diffe- 
rent loads, angles of twist 
for various loads can be found 
out. 


(9) Plot a graph with 
loads (in grammes) along the — Load (gm) 
X-axis and angles of twist (in Fig. 8(@) 
degrees) along the Y-axis with (0, 0) point at the origin. It 
willbe a straight line passing through the origin [Fig 8(а)]. 
Taking a point P on the straight line draw a perpendicular PM on the 
X-axis. OM represents a certain load (m) and PM its corresponding 


5 5 8 g 


—Angle of twist (degree) 


a 


0 5 
(0,0 20 40 60 80 М 100 120 X 


angle of twist ($). Find the value of F Substituting the value in 


the equation stated in the formula, n can be found out. 
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Measurements: (a) Length of the wire : 
G) .... em (ii) .... ст (iii) ....cm. Mean length (ђ=.... ст. 


(b) Radius of the wire: Value of the smallest division of the 
linear scale of the screw-gauge=... mm. Screw-pitch=... mm. 
Total number of divisions in the circular scale (S.C.)—... 

Screw-pitch 


Seas Cee COUN же ee een es үү 
Total no. of div. in S.C. 


Reading (mm) | Instru- 
No. Mean | mental | Corrected | Radius (r) 
of | Linear |Circular| Total | reading} error diameter (cm) 
Obs | scale scale (mm) (mm) (mm) 
1. (a) 
(5) | 
2. (а) 
(b) | etc 


{N.B. (a), (b) denote readings at mutually perpendicular directions.] 


(c) Diameter of the cylinder : The value of the smallest division 


of the main scale of the slide callipers—.... mm 
... Vernier divisions—.... smallest divisions of the main scale 
Ф Ies, division—..  ,, E rn AERE. 
So, vernier constant —.. mm-—....cm. 


Reading Instrumental | Corrected diameter 


error (D) 
(cm) (cm) 


Mean 
Total | reading 
(cm) | (ст) | 


"a E 


Vernier 
scale 
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(d) Load-angle of twist table s 


Мо. | Load | Pointer readings in Angle of twist ($) 
of on degree Mean reading 
Obs each (a+b) (degree) 
pan Load Load у 
(т gm) | increasing decreasing 
(a) (b) 
p = 
1 20 ty 25 210) ()- ()=0 
2 40 iG 95 - (8) | G)-@=.. 
3 60 at & - Cii) (iii) — (i) 
4 80 is 2. . (У) (iv)— (i 
5 | 100 Ak № 7) (v)- (i) 
etc etc etc etc | ‘etc | etc 
: L— | 


(N.B. If the pointer has two ends. the columns under the headings ‘load 
increasing’ and ‘load-decreasing’ should be divided into two parts—one for end] 
and the other for end II of the pointer. The mean of the four readings available 
for each load should be put in the column under the heading ‘Mean reading’.] 


(e) Table for drawing graph [Data taken from the table (4)] 
cu 1 | 2 | э | 45 | Т> | | з | 


Load (gm) 20 40 
> 


Angle (degree)| .. S | 


ES 
XT | 
Calculations : From the graph, load (OM)—.... gm (m) 
» » » angle of twist (PM)—.... °($) 
So, „—360.18.Р 2). ...dynes/cm? [2—980 cm/s?] 
neri $ 


Remarks: (1) For all metels Hooke’s law holds only for smell 
Shear and ceases to apply when the shear exceeds 1/200 radians or 1°, 
In practice, the shear should not exceed 2°. Hence angle of twist 


ЈЕВР degrees. When /=50 ст, r—02 cm, 4, 8» 


‚ О) As the radius of the wire occurs in its fourth power in the equation 


апа is a very small quantity, the diameter should be measured accurately 
(3) The loads should be placed or removed from the pan gently 
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(4) А two-end pointer is preferable because the mean reading of both 
ends will be free from errors due to eccentricity of the axis of the wire 
with respect to the circular scale. 


1:9. Alternative Method 


The msthod described earlier suffers from an error due to the 
uncertainty in the exact position of the wire where it is clamped. 
The error can be eliminated by noting down twists for two lengths of 
the wire. The details of the method are as follows : 


Theory: We have seen that Ей (2) 
TRTA $ 

If Ф, and ¢, аге the angles of twist for two lengths /, and 7, of the 
wire, for the same mass m then twistfor the length (/.—/,) of the wire 
will be ($5—4,) and hence the above expression for n becomes, 

. 360.m.g.d (1—1) 
О A ($2—¢1) 

Description of the apparatus: For the determination of the 
quantities involved in the above equation, Barton’s apparatus is modi- 
fied to suit the purpose. Fig 9 shows 
a modified form of Barton’s apparatus. 
Here two or three circular scales 
graduated in degrees are attached to 
the frame attwo or three different lengths 
of the wire. The circular scales are 
provided with pointers (P, Р, etc) 
either single-ended or double-ended. 
The cylinder C is kept below all the 
circular scales. In this arrangement, for 
a particular’ load, different lengths will 
have different angle of twist which can be 
measured by different circular scales with 
its pointer. 


Experimental procedure : (1) Levell- 
ing, measurment of radius of the wire 
and diameter of the cylinder are done as before. 

(2) Measure the lengths of the wire from the torsion head T to 
the pointers of the three circular scales by a metre scale. 
three different lengths of the wire. 


Fig. 9 


This gives 
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(3) As before, gradually increase.the loads on the pans from zero 
value to the maximum permissible value, by equal instalments (of 20 
gm, say) and note the readings of the three pointers against their 
respective circular scales, after addition of each load. 

-(4) Now, remove the loads, one by one, and again read the 
pointers against the respective circular scales after (ће removal of 
each load. 

(5) Plot a graph as shown in fig 8(a) [Page43] between the load 
(m) and twist ($) for each value of the length of the wire. From 
the graph find the best 


value of $/m for each || 
value of 1. 

(6) Next plot a "015 
graph between ф/т and Ss 
l. The graph will again (degres) 10 


be a straight line, passing 
through the origin [Fig 
9(а)]. Take two con- 
venient points P, and 
P, on this line and draw ОЙТ kin 20 ROE 
perpendiculars P, М, and 
PM, on the X-axis. n 
Now, OM,—OM,=I,—I, SEO) 
andP,M,—P,M,—$.—4,. The values can be easily obtained from 
the graph and putting these values in the equation mentioned in the 
theory, n can be calculated. 

Measurements : (a) Tabulate the data for the measurements of 
diameters of the wire and the cylinder as the tables (b) and (c) in 
Expt no. 1:8 


(b) Lengths of the wire : 


ш) й 


— Uu) 


Mean | Readings | Меап 


(с) Load-angle of twist table : 
Make a table like the table (d) in Expt 1:8 for each length. 


Ina 


E 
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single graph, plot three straight lines for (m—¢) for three separate 
lengths. From the straight lines, find three best values of — = —— 


[Fig 8(a)] for three separate lengths. 
(d) Table for drawing (1— $/m) graph : 


Quantities 1 | 2524 


| 3 
Length (cm) | |: 2 | p 


> 


Calculations : From the graph [Fig 9(a)] : 
OM;—OM;-—l,—ly—.. ст. 
Р,М,—Р Му =(ф,–фут=.. degree/gm.. 

4 360mgd | (l—h) _ 

п.м ' ($.—4,) 

Remarks: (1) The graph between m and ¢ for a given value of / 

and between ¢/m and-/ are both straight lines passing through the 

origin. This shows that the angle of twist is proportional to the value 

of the couple applied and that if / is changed, the value of twist for a 

given couple is proportional to the length of the wire. (2) With this 
apparatus, comparatively thin specimens can be tested. 


> 


| ф/т (degree/gm) 


. .dynes/cm? 


Oral questions 


1. What is modulus of rigidity ? What is its unit ? 


Ans. For definition, consult any text book. 


In C.G.S. system, its unit is 
dynes/cm? 


2. What other elastic constants do you know of ? What are their definitions? 

Ans. Young's modulus, Bulk modulus and Poisson": 
constants. For their definitions, consult any text book. 

3. In the equation of the modulus of rigidity, 
wire are involved. What change in the value of the 
these quantities are changed ? 


5 ratio are other elastic 


the length and radius of the 
modulus would you find when 


Ans. No change ; modulus of rigidity de 
length or radius. 


4. Forthesameload, will the angle of twist increase 
wire ? 


pends on the material and not on the 


is E ERE. 
Ans. $ [ed E So, angle of twist will increase for thinner wire. 


Or decrease for thinner. ` 
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5. In this experiment, which quantity would you measure with utmost care ? 

Ans. The radius of the wire should be measured with utmost care. Sec 
remark no. 2 in Expt 1-8. 

6. Has temperature any effect on the modulus of rigidity of a wire ? 

Ans. Modulus of rigidity decreases with the rise of temperature, 


7. Which one is better—one-end pointer or double-end pointer. Why ? 
Ans. Double-end pointer. See remark no. 4 in Expt 1:8. 


8. What is the harm if the wire is Not rigidly fixed to the cylinder ? 

Ans. If the wire is not rigidly fixed to the cylinder, the wire will not undergo 
the extent of twist that it should when the cylinder is twisted and thereby it will 
cause some error in the measurement of twist. 

9. What is the difference between angle of twist and angle of shear ? 


Ans. When a torsional couple is applied at the free end of a cylinder (or a 
wire), the other end being rigidly fixed, any point on the edge of the cross-sectional 
area of the free end moves along the arc of a circle making an angular displacement 
(ф) at the centre of the cross-section, This angle is the angle of twist. The angle 
of shear (0) is the angle between a line drawn parallel to the axis of the Cylinder 
connecting two points at the edges at its two ends before twist and the line joining 
this point at the fixed end with the displaced position of the same point at the free 


end. Mathematically, 6-58 where г and / аге respectively the radius and the 


length of the cylinder. 


10. How is the maximum Permissible twist in the experiment to be calculated 7 
Ans. See remark no. 1 in Expt 1-8. 


1:10. Determination of modulus of rigidity of the material of wire by 
dynamical method : 


Apparatus : Torsional pendulum, Stop-watch, screw-gauge, slide- 
callipers, balance etc. 


Theory : If a solid cylinder be suspended by a long wire from a 
torsion head, forming a torsional pendulum and if the pendulum be 
Set into torsional oscillations, the time-period of such Oscillation is 


< 2 
given by тезу. zr Or ы where Lis the moment of inertia 
т 


of the cylinder about the Suspension wire as axis and t=shearing 
Couple for one radian. 


Now, if the axis of the cylinder coincides with axis of rotation, 
D.P.P.—4 
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2 Ж 5 
then Г ~ where M —mass of the cylinder and R=radius of the 


cylinder.* 
4 


where /=length, r= 


V + т.п. 
Again, for the suspension wire, t = 2l 


radius and n=modulus of rigidity of the material of the suspension 


wire. 
п.п  4m?.] : 8z.1 


m cane EU 


X3MRi 


Description of the apparatus: The torsion pendulum is illustrated 
in fig 10. It consists of a solid cylin- 
der А suspended by a fairly thin 
andlong wire. One end of the wire 
is rigidly fixed to a torsion head 
T and the other end is connected 
with the centre of the cylinder by 
means of a detachable pin P. With the 
help of the pin P, the cylinder А 
can be detached from the experimen- 
tal wire. A pointer О is fixed at 
the bottom of the cylinder. When 
the cylinder undergoes torsional 
oscillations the pointer moves over 
a circular scale (S), graduated in 
degrees. The suspension wire coin- 
cides with the axis of the cylinder. 


Fig. 10 А Experimental — ргосейпге: (1) 

г With the help of a screw-gauge, 
find the diameter of the wire at different places and at mutually per- 
pendicular directions at every place. Find, from these observations, 
the mean diameter and hence the radius (r) of the wire. 


(2) Now measure with the help of a metre-scale the length of the 
wire between the torsion head 7 and the point where it is connected 


with the cylinder. Repeat the observations several times and find 
the mean length (I) of thé wire. 


*[G) If the bob of the pendulum be a disc, 


instead of a cylinder, =} Ма (ii) ` 
If the bob of the pendulum be a solid cylinder wi 


th horizontal axis and the Suspen- 
sion wire passes through the centre of the. cylinder. =м( E х) ; L=length 


ра 
of the cylinder. 
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(3) Put a chalk-mark on the circular scale just below the pointer 
when the pendulum is at rest. Now give the cylinder a twist of about 
60° and release it. The cylinder will execute torsional oscillations. 
When undesirable motions have subsided, say after two or three 
oscillations, start the stop-watch assoon as the pointer, moving from 
left to right, (say) crosses the chalk-mark. When the pointer again 
crosses the chalk-mark, moving from left to right, it executes one com- 
plete oscillation. With the help of the stop-watch, find the time taken 
by the pendulum for, 20 such complete oscillations. Repeat 
the observations, at least, thrice and find the mean time taken for 20 
complete oscillations. From this dete:mine the time-period (7). 

(4) By taking out the pin P, detach the cylinder А from the wire. 
Find the mass (M) of the cylinder by a balance. [In some instruments, 
the wire is rigidly fixed to the cylinder. In such a case, the mass of the 
cylinder is to be supplied.] 

(5) With the help of slide callipers, measure the diameter of the 
cylinder at various places and at mutually perpendicular directions at 
each place. Find, from these observations, the mean diameter and 
hence the radius (R) of the cylinder.* 

Measurements : (a) Diameter of the wire : 


The value of the smallest division of the linear scale of the screw- 
gauge—...mm. Screw-pitch=...mm ; Total no. of divisions on the 
circular scale—... 

/. Least count=....mm. 


No. of | Linear | Circular | Total Instru- |Corrected|Corrected| Mean 
Obs scale scale reading | mental | diameter | diameter | diameter 
reading | reading (mm) error (mm) (cm) (D) 
(mm) (mm) (cm) 
1. ((а) E: E © | 
lp) 5 Duc 
72 (o 
(b) ва E ББ 
etc. etc. etc. etc. 
5. (а) Hb I 
(0) | * :. 


[N.B. (а), (b) denote mutually perpendicular readings at a particular position.] 
Mean radius of the wire (r)=D/2=... cm. 


*(i) For a circular disc, its diameter and (ii) for a suspended cylinder with its 
axis horizontal the length and diameter of the cylinder need be measured. 
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(b) Length of the wire : - 
G) .. ст (ii)..cm (iii) .. cm 
Mean length (I)—.. cm. 
(c) Measurement of time-period : 


poe | 


Мо. Total time Mean time Time-period 
of | for 20 complete for 20 oscillations T=1/20 
Obs oscillations (г) 
= Eel aL 
1 · пп, .sec 
2. -.min. .sec --min. .sec 
3 -.min. .sec 
А 
(4) Measurement of mass ој the cylinder : 
Mass (М)=.. gm. 


(е) Diameter of the cylinder : 


The value of the smallest division of the main scale of the 
Slide-callipers =. ст 


-.- Vernier divisions =. -Smallest divisions of the main scale 


or 1 ,, division =..cm. 
Vernier constant=. . .cm. 


ELE E LARES 
No. of Main 


Corrected 
Obs scale i i Diameter 
reading (D) 
(cm) 


5 
[N.B. (a), (b) denote readings at mutually Perpendicular 


directioi 
particular place.] ч, а 8 


“. Mean radius of the cylinder (R) => =. ст. 


Calculations; л— 371 
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Remarks: (1) The axis of the cylinder and the suspension wire 
must remain in the same verticalline. (2) The motion of the torsion 
pendulum should be purely rotational in a horizontal plane. Up and 
down or pendulus motion should be completely checked. (3) The 
wire should not be twisted beyond elastic limit ; otherwise the torsional! 
couple will not be proportional to the twist. (4) The suspension 
wire should be without kinks and be fairly thin and long, say about 
75 cm long and 10 mm thick so that the torsional rigidity may be small 
and hencethetime-periodlarge. (5) Asthe radius of the wire occurs 
in its fourth power and time-period in its second power in the expression 
for n, they must be measured very accurately. A stop-watch reading 
upto ith of a second is preferable. 


Oral questions 


1. Of all the quantities involved in the experiment, which one should be 
measured with greatest care and caution 7 


Ans. Radius of the wire as it enters into the expression for и in its fourth 
power. A small error in the measurement of radius will increase the error in the 
final result fourfold. 

2. Should you take a large number of oscillations or a small number ? 

Ans. Ifa smaller number of oscillations is taken, time involved will be smaller 
and the proportionate error in determining the time will be greater. On the othe, 
hand, if a large number of oscillations is taken, time of completion of the experiment 
will be junnecessarily lengthened. Number of oscillation should preferably be 
пазе somewhere between 20 and 30. 

3. What is moment of inertia ? 

Ans. Consult any standard text book. 

4. Is it necessary that the oscillations should have small amplitude like a 
simple pendulum ? If not, why 7 

Ans. here is no restriction on.the amplitude of oscillation, particularly when 
the wire is fairly thin and long, provided the elastic limit is not exceeded, 


5. Will the modulus of rigidity increase if a thicker wire is taken 7 

Ans. No, modulus of rigidity will remain same whatever may be the thickness. 
Modulus of rigidity depends on the materiai of the wire. 

6. Will the time-period of oscillation change if the cylinder is made heavier ? 


Ans. The moment of inertia of the cylinder increases as the cylinder is made 
heavier. Again as time-period is directly Proportional to moment of inertia, the 
time-period inoreases if the cylinder is made heavier. 
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7. What is the harm if the suspension wire does not coincide with the axis of 
the cylinder ? 


Ans. In that case, the rotation of the cylinder will not take place with the 
suspension wire as axis and the formula (7— M R?/2) for the determination of its 
тоте :t of inertia will not apply. 

8. Should the wire be long ? 

Ans. И should be fairly long ; in that case the time-period will be longer. 


9. What should be the change in time-period if (i) / were doubled (ii) r were 
doubled (iii) J were doubled ? 


Ans, Т=2т Vt ; So (1) No change in T when lis doubled (ii) No 
т 


change in T when r is doubled (iii) T is doubled when J is doubled. 


10. Do you get the same value Гог л from statical and dynamical methods ? 
Ans. For the same material, the value will be same from the two methods. 


1-11. Determination of the moment of inertia of a body about an axis 
passing through its centre of gravity and perpendicular to its length : 


Apparatus: A cradle inside a glass box, a metallic bar of 
rectangular cross-section, stop-watch, slide-callipers, balance, weight 


box, an auxiliary bar of regular geometric shape (say, a rectangular 
bar) etc. 


Theory: If a body be suspended by a wire(which can undergo 
twisting їп such а manner that the wire passes through the C.G. of the 
body and if the body is set into torsional oscillation, the time-period 


of such oscillations is given by, Т=2х V ula 
T 


where [—moment of inertia of the body about the suspension wire as 
axis and т —torsional rigidity of the material of the suspension wire. 
Now suppose, 


T,=Time-period of torsional oscillation of the empty craddle 
about the suspension wire as axis. 


T,=Time-period of torsional oscillation of the craddle and а body 
of known moment of inertia about the same axis. 


T=Time-period of torsional oscillations of the craddle and the 
body under test about the same axis. 
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тата 


Then it may be shown* 1=15. us where J=Moment of 


inertia of the body under test and /,=that of the known body. 


Description of the apparatus: Fig 11 shows a torsional cradle 
kept in a glass box. The 
cradle R is suspended by a 
wire W, the upper end of 
which is rigidly fixed to a 
torsion-head T. It is enclosed 
in a box (A) with glass win- 
dows. This prevents the air- 
current from disturbing the 
oscillations of the cradle. 

The cradle is so suspended 
that the wire passes through its 
centre of gravity—i.e. when 
the cradle executes torsional 
oscillations, oscillations take 
place in a horizontal plane Fig. 11 
with the wire Was axis. On the upper surface of the box, two 
long and thin slots are cut (5, 5), through which oscillations 
of the cradle can be watched. 

Experimental procedure: (1) With the help of a balance, find 
the mass (M) of the auxiliary bar supplied. Also measure the length 
(I) and breadth (5) of the bar (if it is a rectangular bar) by a slide 
callipers. Find its moment of inertia from the formula 

I;—M(P--5?)12. 


[N.B. If the auxiliary bar is a cylinder of circular cross-section, measure the 


2 а 
length and radius (r). Then apply the formula һ=м( Е 1а ja 


0+4 
(2) Set the empty cradle into torsional oscillations by slightly 


turning the torsional head T. Count, by means of a stop-watch, the 
time taken for 20 complete oscillations. Repeat the observations, at 


*If Т, be the moment of inertia of the empty craddle about the suspension wire as 
axis then, 


=. Also Та=27 ү = and Т=2т VERE 
T T T 


NETTE E20 AHD 
= a И > 
т 


gre 
Е Лавре та 
ЧА Le 

Hence, тата inthe "таті? 
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least, thrice and find the meantime for 20 complete oscillations. Hence 


find the time-period (Т,) of the empty cradle. 


(3) Put the auxiliary bar on the cradle. Take care that the bar 
is horizontal and that the wire W passes through the centre of the bar. 
As before, set the cradle into oscillation by slightly turning the torsion 


head and find its time-period (T;). Note that T; is greater than Т}. 


(4) Remove the auxiliary bar from the cradle and place the rod 
under experiment in its place. Again check whether the rod is horizon- 
tal and the wire W passes through the centre of the rod. Setting the 
llations, as before, find the time-period (Т). 


cradle into torsional osci 
Note that T is also greate 


Measurements : (а) 


Oscillating body 


1. Empty cradle 


2. Cradle-- Auxiliary bar 


— 


Se eS И ШРИ 


3. Cradle--Rod under test 


г than 71. 


Measurement of Time-periods : 


XM: 


Total time for 20| Mean time Time-period 
complete oscilla- (t) (t/20) 
tions (г) 


ге —_——————.. 


(i) ..min..sec 


(ii) ..min..sec 


(iii) ..min..sec 


(i) ..min..sec 


(i) ..min..sec | ..min..sec 


(iii) ..min..sec 


(i) ..min..sec 


Gi) ..min..sec 


(ii) ..min..sec 


(Б) Mass of the auxiliary rod : 


(c) Length and breadth of the auxiliary rod : 


Vernier constant of Slide-callipers =... 


57 


GENERAL PROPERTIES OF MATTER - 


E 
(шә) (шә) (шә) (шә) (шә) (шә) (шә) 
Чзрвола | 10119 jv} | Surpeoi | 8шррәл әүез$ 10219 je} | дшреол | Зшреәг 
ројзолод FuotunijsuJ| пюәрү 18301, лопшод рејзо мод -uotnujsu| . ивәрү TIOL 

шо ш (g)ujpeog шә UI (7) Зит 


әүео5 
IAUNA 


58 DEGREE PRACTICAL PHYSICS 


Calculations: Moment of inertia of the auxiliary bar 


I;—M(P43-b?)/12—.. gm—cm? 


[Note : If the rod under test is rectangular, find its length, breadth and mass 
and determine its moment of inertia theoretically from the equation I= M(I!--52)/12 
and compare the theoretical value and the experimental value.] 


Remarks: (1) The cradle should always remain horizontal so 
that its moment of inertia 7, about the axis of rotation remains un- 
altered throughout the whole experiment. (2) The bodies should be 
So placed on the cradle that the axis about which the moment of inertia 
is known or to be determined coincides with the axis of the suspension 
wire without disturbing the horizontality of the cradle. (3) The 
motion of the cradle should be purely rotational in a horizontal plane. 
Up and down and pendulus motion must be completely avoided. 
(4) As time-periods occur in the 2nd power in the final formula, they 
must be accurately determined. (5) The suspension wire should 
not be twisted beyond elastic limit, otherwise the restoring couple 


due to torsional reaction will not be proportional to the angle of. 
twist. 


1°12. Alternative method (Using a moment of inertia table) 


Apparatus: Allthe apparatus of the previous experiment except 
the glass box containing the cradle. In its place, a moment of inertia 
table is used. 


Theory: As in expt 1:11. 


Description of the apparatus: The moment of inertia table 
consists of a circular aluminium table (R) about 6” in diameter suspen- 
ded by means of a wire (W) fixed at the top to a torsion head 7 fittea 
to a cross-bar between two pillars which stand vertically on a hea: 
iron base A provided with three levelling secrews (5, Sa etc). The 


ть 
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table is made of aluminium because it will be light so that the 
time-period of oscillation of the 
empty table will differ much from the 
time period of oscillation when some 
other body is kept on the table. 
The upper face of the table has a few 
concentric circles described on it 
(one such circle is shown by dotted 
line which helps symmetrical 
placing of other bodies on the table. 
On the table a concentric groove 
is cut in which four balancing 
masses (т, т etc) may be placed in 
order to set the table horizontal. 
Two spirit levels (L, and Г.) аге 
permanently fixed on the table at 

Fig. 11(a) right angles to each other to test the 
horizontality of the table. The whole apparatus is kept enclosed in a 
glass case to protect it from air-current disturbances. 


Experimental procedure: (1) Level the heavy iron base A by 
the levelling screws and test the levelling with a spirit level. 
Adjust the positions of the masses (m, m etc) in the groove so 
that the bubbles of the spirit levels (L, and L;) are brought at the centre. 
This ensures that the table R is horizontal. e. 

(2) Put a chalk-mark on the edge of the disc R and set up a 
vertical pointer just oppósite to the chalk-mark on the iron base -4. 
Now set the table oscillating by slightly rotating it in a horizontal 
plane and then releasing it. Take care that the table has no up and 
down motion or pendulus motion. Start the stop-watch as soon as 
the chalk-mark crosses the pointer, moving from ,say left to right. 
When the chalk-mark will again cross the pointer, moving from left 
to right, one complete oscillation will be over. Determine thrice the 
time taken for, say 20 such complete oscillations, by means of an 
accurate stop-watch (reading ith of a second) and from it find the 
time-period (7j). 

(3) Next, taking the help of concentric circles, place centrally 
on the table А the'auxiliary bar. Move it to and fro till the bubbles. 
of the spirit levels Г, and Ly аге at their central positions. Do not 
disturb the balancing masses. This ensures the horizontality of the 
table with the auxiliary bar and the passage of the suspension wire 
through the C.G. of the bar. 
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(4) Having done this find the time-period (7) of the system by 
setting it into torsional oscillation. (Note that T, is greater than 77). 

(5) Replace the auxiliary bar by the bar under test with the 
specified axis coinciding with the suspension wire. If the specified 
axis does not pass through the C.G. of the experimental body, the 
table might be tilted, displacing the air-bubbles of the spirit levels from 
their central positions. Bring the bubbles to their central positions 
by adjusting the positions of the balancing masses (m, m etc) in the 
grove.* 


(6) Now set the system in oscillation and following the usual 
procedure, find its time-period (7). Моје that T' is also greater than 
Tj. 

(7) With the help ofa balance, find the mass (M) of the auxiliary 
bar. Also measure the length (I) and breadth (Б) of the bar (fitisa 
rectangular bar) by slide-callipers. Find its moment of inertia from 
the formula 7, — M(I*--5?)/12. 


Measurements: Make tables like (a), (6) and (c) of Expt No. 1.11. 
In table (c), however, the word ‘cradle’ is to be replaced by ‘table’. 
Calculations : Same as in Expt 1.11. 


Remarks: (1) The spirit levels L, and L, should be permanently 
fixed on the table. If detached single spirit level is used for levelling, 
the table, then the removal of the spirit level after levelling is done, may 
leave the table in a Slightly tilted position. (2) The auxiliary body 
must be of uniform density throughout. (3) This method yields 
more accurate result than the previous cradle method. 


Oral questions 


1. What is moment of inertia ? What do you mean by radius of gyration ? 
Ans. Consult any standard text book. 


2. Does moment of inertia depend on the axis of rotation 7 What is the 
unit of moment of inertia ? 


Ans. Moment of inertia depends on the axis of rotation. Moment of inertia 
of the same body is found to be different for diffierent axes of rotation. Unit of 
moment of inertia is рта—сте, 


*The displacement of the balancing masses in the groove will not alter the 
moment of inertia of the table as long as the horizontality of the table is maintained. 
The displacement of the masses only shifts the C.G. of the table. It may, however, 
be clearly noted that if the Specified axis passes through the C.G. of the experimental 


body, its position on the table should be adjusted without disturbing the initial 
Positions of the balancing masses, 
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3. Why is the apparatus enclosed in a glass box ? 

Ans. To protect the oscillations of the cradle or the table from the disturbance 
of air draught. 

4. What is the difference between torsional oscillation and pendulus oscil- 
lation ? 


Ans. (i) Pendulus oscillation is controlled by force of gravity while torsionat 
oscillation is controlled by the torsional couple set up in the suspension wire (ii) Pen- 
dulus oscillation is linear but the torsional oscillation is angular. 


5. Upon which factors does the time-period of torsional oscillations depend ? 


Ans. The time-period of torsional oscillations depends on (i) torsional 
rigidity of the suspension wire and (ii) moment of inertia of the oscillating body 
about the suspension wire as axis. 


6. Which quantity in this experiment would you measure with utmost care ? 

Ans, Time-period as it occurs in its second power in the final formula. 

7. What is the function of the balancing masses in the moment of inertia 
table ? t 

Ans. They help to alter the position of C.G. of the table. 

8. Is the time-period of oscillation of the empty cradle or empty table greater 
than that when the auxiliary bar or the experimental bar is placed on the cradle or 
the table ? 


Ans. No ; it is less. When the auxiliary bar or the experimental bar is placed 
on the cradle or the table, its moment of inertia increases due to additional mass 
and hence the time-period increases. | 


9. Instead of a circular groove for placing the balancing masses, can there be 
four straight grooves meeting at the centre and equally inclined to one another ? 


Ans. Yes; Four straight grooves of above nature will allow. displacement of 
balancing masses in the same manner as in the circular groove. 


10. Why is the inertia table made very light ? 
Ans. The table is made light because in that case when a body is placed on it 


there may be considerable difference between the periods of oscillation of the 
combination and that of the table alone. 


1:13. Determination of surface tension of water by capillary tubes : 


Apparatus: Travelling microscope, 3 or 4 glass capillary tubes, 
a long pointed needle, a glass plate, suitable clamp and stand, metre 
scale etc. 


Theory: If a glass capillary tube of uniform circular bore Бе 
dipped vertically into water, it is found that water rises into the tube 
to a certain height. If h be the height of the level of water in the tube 
measured from the level outside and r the internal radius of the tube 


62 DEGREE PRACTICAL PHYSICS 


then the surface tension of water is given by тра (+ 2) where g 
is the acceleration due to gravity. 


Experimental procedure: (1) Select a well-lit place in the labora- 
tory, say a table near a window. Clean the capillary tubes with some 
‘dilute caustic soda and wash out repeatedly with tap water. Dry 
the tubes by passing hot air. Fix the capillary tubes on a strip of 
glass plate P with. soft wax so that the tubes are all parallel to one 
another. Now hold the glass plate with the help of a suitable stand 
and a clamp so that the tubes are all vertical* [Fig 12]. 


(2) Take some tap-water** in a clean glass vessel А and keep it 
below the capillary tubes so that each tube dips in the water. Due to 
capillary action, water will rise in 
each tube, height being inversely 
proportional to the radius of the 
tube. Raise the vessel А a little and 
then lower it to its original position. 
Column of water in each tube 
will rise to some extent and then fall 
back to the original levels. By 
this, the inside of the tubes will be 
moistened by water and the liquid 
columns will attain proper heights in 
the tubes. 


(3) Fix a clean, long needle 
(N) with pointed end to the glass 
plate so that it is parallel to the capi- 
Пагу tubes and that its pointed end 


Fig. 12 
just touches the water surface in the vessel 4. Keep some distance 


* Students may have to draw capillary tubes themselves. For this purpose, the 
following procedure may be adopted. 


Take a piece of glass tube of about 10 inches long and clean the tube with 
some dilute caustic soda and wash out repeatedly with tap water. Dry the tube by 
passing hot air. Hold the tube horizontally with two hands and apply heat at the 
middle of the tube by a fish tail burner. Keep the tube in slow rotation so that all 
sides of the tube are heated equally. After some time when the glass has become 
soft, pull the two ends away horizontally, until a capillary tube is made. Моје 
that а slow pull makes the bore wide while a quick pull a narrow bore, А very 
narrow bore 15 not preferable because relative error in the value of r is greater than 
that in Л. Tubes of diameter between 0.5 mm and 2 mm should be made. 


**Water distilled in a modern electric Eum. plant may also be taken. Tt 
4s not contaminated with grease. 


: 
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between the needle and the group of tubes. Note the temperature of 
water by means of a thermometer. 


(4) Keeping a travelling microscope in front of the tubes, level it 
with the help of a spirit level so that the axis of the microscope is 
horizontal. Focus the cross-wires of the microscope distinctly. 


(5) Move the microscope slowly towards left and bring it in front 
ofthe needle. Adjust the height of the microscope such that the top- 
end of the needle is well-focussedj and is clearly visible through the 
microscope. Set the horizontal cross-wire tangential to the curved 
end of the needle. For this adjustment, the tangent screw of the 
instrument may be used if necessary. Read the vertical main scale 
and its vernier. Suppose, the reading is ху. 


(6 Now move the microscope slowly towards right and place it 
in front of the first capillary tube. Adjust the height of the microscope 
$0 that the water meniscus in the tube may be focussed. In reality, 
the surface of water in the tube is a concave meniscus but when focussed 
it will appear as a convex meniscus through the microscope. Setting 
the horizontal cross-wire tangential to the convex meniscus, read the 
main scale and the vernier. Let this reading be xs. 

Now, difference of these two readings i.e. x;~x2=x (say) gives 
the height of water level in the capillary tube from the top-end of the 
neddle. If / be the length of the needle, then the height of the water 
column standing in the capillary tube is given by h=/+x. [+ sign is 
to be taken when the top-end of the needle is below the meniscus in 
the tube and — sign when the top-end is above the meniscus]. 


(7) In the same way, moving the microscope slowly towards 
right, bring the convex water meniscii of other capillary tubes into 
focus and read the main scale and the vertical scale after setting the 
horizontal cross-wire tangential to each meniscus. Having finished 
the observations on the height of water columns, note the temperature 
of water again. 


(8) Now mark the position of water level in each tube by a small 
ink dot on the outer surface of the tube. Removing the first tube from 
the glass plate, cut thetube neatly at the position of ink-mark by a sharp 
glass cutting file. Take another strip of glass plate and hold it in a 
horizontal plane with suitable clamp. Place the capillary tube on the 
glass plate so that the cut-end of the tube may face the microscope. 


НЕ there is any difficulty in focussing the microscope, hold a piece of paper 
behind the needle and focus it on the paper first, as a guide. 


64 DEGREE PRACTICAL PHYSICS 


(9) Bring the microscope infront of the cut-end and focus it, A 
magnified image of the circular cross-section of the tube will be 
seen through the microscope. Move the 
microscope slowly with the help of the 
tangent screw leftward and set the vertical 
cross-wire tangential at the left edge of the 

‹ inner bore [Fig 12(a)]. Read the horizontal 
) Horizontal тајп scale and its vernier. Let this reading 
(Di) be у. Now move the microscope towards 
right and set the vertical cross-wire tangential 
at the right edge of theinner bore. Again read 
the horizontal scale and its vernier. Letthis 


Vertical 


cross wire reading be y, The horizontal diameter of 
| the inner ‘bore of the capillary tube 5 
Fig. 12(a) Di —(yy2y3). 


(10) Now raise the microscope along the vertical scale and set it 
in such a position that the horizontal cross-wire is now tangential at 
the top-end of the inner bore. Read the vertical main Scale and its 
vernier. Let this reading be у, ; similarly set the horizontal cross- 
wire tangential at the lower edge of the inner bore and take the reading. 
Let this reading be уд. Then, the vertical diameter of the inner bore 
is D,=(ya~y,). If the cross-section of the bore is exactly circular, 
the horizontal diameter (D,) will be equal to the vertical diameter 
(D,).* Find the mzan value of the diameter and hence the radius of 
the inner bore of the tube. In the same way, the diameters of the 
other tubes are to be found out. 


(11) Find the length (I) of the needle by a metre scale. Repeat 
the observations several times using different parts of the scale and 
determine the mean length. 

Measurements : (a) Length ој the needle : 

° ()...em (їй)... ст (8)... cm. 

Mean length ()=.. cm. 


(5) Temperature of water : 
Initial temperature—... °C 
Final temperature—... °C 
Medn temperature during experiment—... °C 


cross-section of the tube is not circular. The tube has got to be rejected. 


а И НИ ЗЛИН 
*If the tur diameters differ greatly in any case, it is to be understood that «ће 
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(4) Heights of water columns : 
| 


Serial | Water meniscus reading| Needle head reading . 
no. of (cm) (cm) | Height 
capillary | јр таа ох, of 
tubes ; Main |Vernier Main | Vernier | Total (cm) water 
scale| scale Scale, scale reading column 
| Са) h=(I4x) 
р (ст) 
il. 
2. 
3. 
etc .. oe 
_—— ч = ———— 
(e) Consolidated table : 
__———_, 
Serial по. | Height of water Radius of bore | Surface tension 
of capillary column (r cm) T (dynes/cm) 
tubes ( cm) 


| | 


la eee 
-. Mean surface tension=.. dynes/cm at. .?C. 


Calculations : T=}.r.g 0-1. r)=.. dynes/cm. 

[Notes : (i) If the surface tension of a solution like copper sulphate solution 
is to be found out, the density of the solution is to be determined by a Specific gravity 
bottle. For this the following tabular form may be used : 

Temperature of water=.. °C (t) 

Density of water at °С: =. (P) [available from the standard table] 

Кос Ee 
Mass of empty | Mass of bottle+ 
Боше= W water filling the 
the bottle= W, 


Mass of the 
Боше-- паша 
filling the bottle 


Density of 
liquid 


a АТР –— 
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Calculations : T=}p.g. г (h+-4 г)=.. dynes/cm. 

(ii) Verification of Jurin’s law : 

If h be the height of liquid column in a capillary tube dipped 
vertically in the liquid, then neglecting meniscus effect, we have, 


T=}.r.h.p.g or к= =a constant, because fora given liquid 


the surface tension at a given temperature is constant. This 
relation between the radius (r) of the capillary tube and height (9) of 
the liquid column in it is referred to as Jurin's law. 

For verification of the law, а graph is drawn between Л and 1/r. 
The relation mentioned above shows that if the law is true, the graph 
will be a straight line passing through the origin. 

Taking values of h and r from the table(e), page 66, we can tabulate 
as follows : 


Quantities 


Иг (cm) | 


Plotting 1/r along X-axis and h along Y-axis, a straight line graph 
is obtained, which passes through 
the origin О [Fig 12(b). This 
verifies Jurin's law.] 

Proportional and Percentage 
error : h 

See Ex 2, Page 6. | 

Remarks: (1) Surface tension 
of water alters appreciably if the 
water is contaminated with impu- 
rities—specially of greasy or oily : 
nature. So,specialcare should be О 5 > 
taken against such contamination. Fig. 12(5) 
Before the commencement of experiment, the trough А and the capillary 
tubes should be properly cleaned and dried. (2) The angle of contact 
between water and glass is not exactly known but it has been assumed 
zero. This brings in some error. (3) Surface tension of a liquid 
depends on temperature ; hence temperature at the time of experiment 
should be mentioned. (4) The capillary tubes and the needle should 
remain vertical. (5) If the tube is not of uniform radius it should 
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be cut at the place corresponding to the meniscus at the top of the 
water column and the diameter there should be measured. 


Oral questions 


1. What is surface tension ? What is its unit ? 

Ans. Consult any text book. Its unit is dynes/cm in С.С.$. system. 

2. What is angle of contact ? What is the angle of contact between (i) glass 
and water and (ii) glass and mercury ? 

Ans. Consult any standard text book. (i) nearly 0° (ii) nearly 140°, 

3. Isit that all liquids ascend in a capillary tube like water ? 

Ans. Liquids which have angle of contact with glass less than 90° (i.e. acute) 
ascend in a glass capillary tube. For example, water, alcohol, copper sulphate 
solution etc. On the other hand, liquids which have angle of contact with glass 
more than 90° (i.e. obtuse) descend in a glass capillary tube. For example, mercury, 


4. What is the relation between the radius of a capillary tube and the height 
of water column in it ? 


Ans. ho l/r i.e. less the radius, more is the height of liquid column. 

5. Which one is better—a wide tube or a narrow tube 7. 

Ans. Comparatively wider tube is preferable ; because the relative error in 
the value of r is greater than that in h. Tubes of diameter between 0.5 mm and 2 mm 
are preferred. 

6. How does surface tension of water depend on temperature ? 

Ans. Surface tension of water diminishes with the rise of temperature. 

7. What is the harm if some oil gets mixed up with water ? 

Ans. Contamination with oil lowers the surface tension appreciably, 

8. Why do you find the horizontal and the vertical diameters of the tube ? 

Ans. To test whether the cross-section of the bore is circular or not. Further, 
mean of these two readings gives the correct diameter. 

9. Why is a needle used in this experiment ? 

Ans, It is not possible to bring the bottom of the water column in the capillary 
tube in focus through the microscope. To avoid this difficulty, a needle is used to 
measure the height of the water column by the method described in the experiment. 

10. Which quantity should you measure with the greatest care 2 

Ans. Radius of the tubes. 

11. Why do you measure the diameter of the tube at the 
meniscus of water stands and at no other position ? 

Ans, Seeremark no. 5. 


12, What is Jurin's law ? What is the nature of the graph when G) r.A— 


position where the 


1 
constant and (ii) k=const Mm 


Ans. Sce note (ii). The graph in the case (i) is a rectangular hyperbola and 
in the case (ii) a straight line, 
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1:14. Determination of the coefficient of viscosity of water by 
Poiseuille's method : 

Apparatus: Viscosity apparatus, travelling microscope, 2 capil- 
lary tube (about 50 cm long and about 1 mm in diameter), beaker, 
balance, stop-watch, metre-scale, thermometer etc. 

Theory: When water is allowed to flow in a stream-line manner 
through a uniform capillary tube of length / and of radius r, the volume 


V of water flowing out per second is given by, уена ог Еи 
8 БАЛ 


where Р is the pressure-difference between the two ends of the capillary 
tube and у the co-efficient of viscosity of water. 

If the pressure difference P be measured by an U-type water 
manometer, then P=h.g where h=difference of water levels in the two 
wrt hg 

БАЛ 


arms of the U-tube. Hence, n= [Density of water is taken 


as 1] 
(i) Knowing Л and У, the co-efficient of viscosity т) can be found 
out. 

(ii) From the above relation, it is clear that the graph between V 
and A will be a straight line whose орет". So knowing 
the slope, can be calculated. 

Description of apparatus : T is a capillary tube of uniform bore 
[Fig 13]. Two ends А and B of the tube are inserted into two small 
brass chambers. Visa water-reservoir. The chamber А is connected 
to the water-reservoir by a rubber tubing. Е and F are two manometer 
tubes connected to the ends of the capillary tube. The mouth of the 
water-reservoir is closed air-tight by a rubber-cork. A glass tube C, 
open at both ends, is introduced almost to the bottom of the reservoir 
through a hole in the rubber-cork. As water comes out of the reser- 
voir, air is drawn in through the tube C, so that pressure at D remains 
equal to atmospheric pressure as long as the level of water in the 
reservoir remains above D. A pinch-cock G attached to the rubber 
tubing controls the exit of water from the reservoir. Water comes out 
of the reservoir, flows through the capillary tube T and collects in the 
beaker P. The difference of water levels in the manometer tubes E 
and F measures the pressure-difference between the ends of the capil- 
lary tube. If the water level in the tube F is not visible. a pinch-cock 
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may be fixed (not shown in-the figure) to the rubber-tubing, coming 
out of the chamber B. Controiling the pinch-cock G, water is allowed 


С 


LZ 
A 


Fig. 13 
to drip at a slow ratefrom the open end В. If water runs back beneath 
the exit tube, smear the underside of the tube near the end with a 
small spot of vaseline. A thermometer M may bc inserted into the 
beaker P to note the temperature of water. 


Experimental procedure : (1) Take out the capillary tube T 
from the chambers and measure its length by a metre-scale. Repeat 
the observations thrice and find the mean length (I). 

(2) To measure the diameter of the bore of capillary, take a 
specimen tube ofthe same capillary ofsmalllength. Find the horizon- 
tal and vertical diameters of the bore by adopting the procedure 
mentioned in Expt 1:4. Find the mean diameter and hence the 
radius (r). 

[Alternative method of measuring r : 

Clean the capillary tube T with dil. caustic soda and wash out 
repeatedly with tap water. Dry the tube by passing hot air. When 
the tube is perfectly dry, suck some mercury in it. Keep the tube 
in a horizontal position so that mercury pellet covers some length of 
the tube. Measure the length of the mercury pellet by means of a 
metre scale. Repeat the observations several times after shifting the 
mercury pellet јо different portions of the tube Т. If the lengths of 
mercury pellet so measured come out to be very nearly equal, the tube 
is of uniform bore. Now, find the mean length of the pellet. Weigh 
an empty crucible in a balance correct to a centigram. Carefully pour 
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the mercury pellet into the crucible and weigh again, From these two 
weighings mass of the mercury pellet сап be found out. 
If M and L be the mass and length of the pellet then, 


M=Tr XLX Pp or P= i where p,,—density of mercury.] 
T. 


"Pm 

(3) Put the capillary tube Т іп the chambers А and В and restore 
its connection with the water-reservoir through the rubber tubing as 
shown in fig 13. Control the pinch-cock С so that water flows through 
the capillary at a slow rate and collects in the beaker, drop by drop. 
See whether the columns of water in the manometer tubes E and F 
aresteady. From the scale attached by the side of manometer tubes, 
note the levels of water in E and F.* 

(4) Take a clean and dry glass beaker and weigh it empty in a 
balance. When the flow of water through the capillary tube 7 has 
been steady, put the beaker below the exit tube at the end В. As soon 
as water starts collecting in the beaker, start a stop-watch. Allow the 
water to collect a little more than half the volume of the beaker. 
When the collection is over, remove the beaker and stop the stop- 
watch. Find the time of collection of water to the nearest second. 


(5) Weigh the beaker with water collected in it and find the mass 
of water collected. Note the temperature of water with the help of 
the thermometer М. 

(6) By regulating the flow of water through the capillary tube 7 
by means of the pinch-cock G, repeat the observations (3), (4) and (5) 
at least twice. 

(7) Plot various values of h obtained from table (4) along the 
X-axis and corresponding values of V obtained from table (c) along 
the Y-axis. From the straight line so obtained find the slope i.e. the 


ratio of PM/NM [Fig 13(a)]. 


*(i) In some instruments, scale is not provided by the sides of the manometer 
tubes, In such cases, measure the heights of the water columns in E and F from the 
surface of the table by a metre scale and get the difference. 

(ii) Level difference can also be measured by a cathetometer. For this 
purpose, adopt the following procedure : 

Level the cathetometer (Fig 6) with the help of levelling screws so that the 
pillar is vertical and the axis of the telescope is exactly horizontal. Focus the cross- 
wire without any parallax. Set the telescope in front of the level E and focus the 
meniscus. It will appear as a convex meniscus. Raise or lower the telescope along 
the vertical scale and set the horizontal cross-wire tangential to the convex meniscus. 
Read the main scale and the vernier. Similarly focus the other level at F and take 
the reading, Difference of these two readings gives И. 
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{Alternative table when mercury pellet is used : 


Length of the pellet: (i) ..cm (ii) .. cm (iii) .. cm (iv).. cm. 
Mean length (L)—.. cm. 


Mass of empty crucible =..gm+. -gm-++..gm+..gm+..mg 
TU —..gm (Mi) 
,, Crucible+-mercury=..gm-+-. .gmd-..gm4-..mg 
—..gm (М.) 


Mass of mercury pellet =M,- М,=. -gm—..gm=..gm (М)] 
(с) Rate ој flow of water : 
Temperature of water —..^C 


Density of water at that temperature (р)=. .gm/c.c. 


(From the standard table) 


— — — — — 


| Wt. of empty Wt. of beaker 


Wt. of water | Time for 
beaker 4- collected collected collection 
(ту) water (m=m,—m,) | of water 


(t) 


omes cj (= tt — 


(d) Pressure-difference from manometer readings : 
(g=980 cm/s?) 


Height of. Height of Difference of 


Pressure 


water level water level heights diff. 
in the arm E | inthearm F | A=(4,—-h,)em| (P=h.g) 
(hı cm) (hs cm) 


. .dynes/cm? 
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Alternative table when cathetometer is used : 
Value of one small division cf the main scale of the cathetometer 


=, „Ста. 
.. Vernier divisions=..small divisions of the main scale 
— CI. 
ET РА »  --..main scale div. 


Vernier constant —. cm. 


Readings соггезрой- | Readings correspon- 
ding to level E ding to level F 


Difference Pressure 


(cm) (cm) (һ=һ—„) diff. 
- (cm) (P=hg) 
Main | Vernier | Total | Main | Vernier | Total dynes/cm? 


scale ` | (h) 


scale 


(e) Consolidated table : 


No. 1 V ri Jg _ Pr! Mean 
of | (cm) | (с.с./ѕес) dynes/cm?| 7 ЮТА т 
Obs 


1. 


(f) Table for drawing graph between h and У [Obtained from.tables: 
(c) and (2)] 
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Calculations : (a) Radius Јтот mercury pellet expt: 


ү 
MN · 54 ст  [p,—13:59 


ur к У 
Р 
4 
(5) pu =. Poise at ..°C. | 


РМ _ 
N M 
PM _xrig OS. ke tea aie 
NM Ям јетра 
Or, »—..Poiseat..?C. Fig. 13(a) 
Proportional and Percentage error 
—mnrhg _ xd‘.hg.t.p { 
"А  128]т [ 
where 415 the diameter of the tube. 
Assuming p and g to be known to a high degree of accuracy we have 
for the maximum proportional error in » given by, 


t 
(=) расан HELM, = 


presi 
p.t 


D 


7 d h 
Let us take the data of a set of observations as follows : 
d—0:14 cm 8d—0:001 cm (L.C. of microscope)* 
ћ==25:5 cm бл=0:1 cm (least count for a. metre scale ; 
in the case of cathetometer the 
L.C. is 0:001 cm.) 
t=130 sec. 8t=0'5 sec (minimum measure of the stop 
watch) 
1—40 cm $/=0-1 cm (metre scale) 
m-—50 gm дт=0:001. gm (1 mg) 


"In the case of mercury pellet method the proportional error in d may be 
calculated in the following way: d=2 м. Assuming Pm is known to а 


~ трт 
high degree of accuracy, we have, (5) = t1 + T) In one case, say, 
d јтах M г 
М=5 gm and §M=0.001 gm (1 mg) ; L=5 cm and §L=0.1 cm (metre scale) 
Са s (0001... 03A. пора 
d јтах 5 5 


So the percentage error in diameter measurement is 2%. In microscope method: 
the error is about Bios 
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‘Substituting these values in the above equation, 

èn 0001, O1,05 O1, -001 

22 А peer дш 40 e 

(ја Хола 7 2557 130 40' 50 
=0:0285+0:004+0:00384-+-0:0025+-0:000005 
—0:0388 


AE % enor- (2?) х100% —3:88 7; 
7 / max 


Hence, the maximum percentage error is nearly 4% and major contri- 
bution to this is 2:85 % by the error in the measurement of the diameter 
of the capillary tube. Hence diameter needs be measured very саге- 
fully. 


Alternative simpler arrangement 


Description of the arrangement: There is another arrangement 
-of viscosity apparatus simpler than the one described on page 70. 
Fig 13(b) shows the arrange- 
ment. In this arrangement 
water is allowed to flow 
through the capillary tube T 
from a constant level water 
tank R. The tank consists of 
a brass cylinder of about 7.5 
cm length and about 6 cm 
internal diameter and is pro- 
vided with one outlet tube А 
near the side and a waste tube 
Fig. 13(5) which maintains a constant 
level іп the tank. The ends of the tube are corrugated for a tight- 
fit for rubber tubing. The height of the tank from the capillary 
tube can be varied by sliding it along thesupporting rod. The 
end of the outlet tube А of the tank is connected through an 
inverted 7-piece to the capillary tube, the tail of T being connected 
to a vertical glass tube B which measures the head of water. A metre 
Scale S stands by the side of the tube B for measuring the height of- 
liquid column in В. From a tap above the tank, water is poured into 
the tank and a beaker P at the end of the capillary tube collects the 
outflowing liquid. 


Experimental procedure : Allow the water from the tap to run 
into the tank R and adjust its flow at such a rate that the level of water 
inthe tank is maintained constant, excess water being flown out through 
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the waste. Then watch the flow of water through the capillary tube. 
Adjust the height of the tank from the capillary tube so that water 
flows through the capillary tube at a slow rate and collects in the beaker 
P, almost drop by drop. 


The rest of the procedure is the same as previously described except 
that A is measured by the height of the level of water in the constant 
level water tank R from the capillary tube as registered by the vertical 
glass tube B [Fig 13(5)]. 

Remarks: (1) Pressure-difference between the ends of the 
capillary tube should not be high as otherwise the flow of liquid 
through it will not be stream-line but turbulent. (2) The capillary 
tube should be horizontal ; its diameter should not be more that 2mm ; 
otherwise the flow of water will not be stream-line. (3) As viscosity 
of watér depends on the temperature, the temperature of water during 
the experiment should be noted. (4) The radius of the capillary 
tube occurs in its fourth power in the expression of у and hence it 
demands special care during measurement. (5) For the measure- 
ment of volume of water collected, a graduated cylinder of small 
least count may be used. (6) The alternative arrangement, though 
rather simple, suffers from an error in respect of the kinetic energy 
of the moving water. 


Oral questions 


1. What is co-efficient of viscosity ? What is stream-line motion ? What 
is the unit of co-efficient of viscosity ? Р И | 

Ans. Consult any standard text book. Unit of co-efficient of viscosity is. 
‘Poise’. 

2. What is the harm if the pressure-difference between the ends of the 
capillary tube is high ? 

Ans. See remark no. 1. 

3. How does the co-efficient of viscosity of water depend on the temperature 


of water ? | f 

‘Ans. Co-efficient of viscosity decreases with the increase of temperature. 

4. In measuring the radius of capillary tube, extra precaution is ni . 
Why 7 SY 
Ans. Radius occurs in its fourth power in the final formula. A slight error 
in its measurement will be magnified much and increase the percentage of error in 
the final result to a high degree. 

5. Which method is preferable for the measurement of radius—microscope 


method or the mercury pellet method ? 
Ans. Mercury pellet method. See foot note on page 71. 
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6. What is the harm if the tube is of wider bore ? 


Ans. In a tube of wider bore, a slight difference of pressure between the 
ends of the tube makes the flow of water turbulent. It is very difficult to get stream- 
Jine motion in wide bore tubes. 


7. What is Reynold's number ? 

Ans. Consult any standard text book. 

8. What factors are conducive to stream-line motion ? 

Ans. Fine bore, high viscosity and low density. 

9. How can the uniformity of the bore of the capillary tube be tested 7 
Ans. See mercury pellet method on page 70. 

10. Is the method suited to determine the viscosity of all liquids ? 

Ans. Not for very viscous liquid. 


—— 


2. НЕАТ 
IE Т == ni ан 
2:1. Determination of the co-efficient of linear e: 
travelling microscope : 


Apparatus : A rod ( about 1 metre lon 
co-efficient of linear expansion isto be meas 
microscope, thermometer, jacket, boiler etc. 


Theory: The co-efficient of linear expansion of a substance is 
the increase in length per unit original length of the substance (in the 
form of a rod) per degree rise in temperature. If æ be the co-efficient 
of linear expansion, then, 


xpansion of a metal by 


&) of the metal whose 
ured (say, brass), travelling 


= LC Laas 

L(tS—t) 0—1) 
where /, —length of the rod at °С; /,=length of the rod at 12°C (1ь:> 1) 
and x=increase in length. : 


Description of the apparatus : The arrangement (Fig 1) consists 
of a metallic rod AB kept within a jacket through which steam can 
| pass. Steam enters through the tube P, and leaves through the tube 
| P, Through a hole at the middle of the jacket tube, a thermometer 


Fig. 1 


is inserted which records the temperature of the space within the jacket, 

There аге two marks Сапа Don the rod almost at the two ends of the 

Tod. The two ends along with the marks Project out of the jacket 

| tube. Two travelling microscopes M, and M, are so Placed that they 
can easily focus the marks C and D respectively. 

| Experimental procedure: (1) Taking the rod out of the jacket 

|| tube, measure the length (/,) between the marks C and D by a metre 
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scale. Repeat the observations several times using different parts of 
the scale and find the mean length. [If the arrangement does not 
permit the rod to be taken out of the jacket tube, measure the length 
with the help of a beam compass and a metre scale.] 

(2) Put the rod within the jacket tube and insert a thermometer T 
(1/10 th of a degree division) through the hole in the rubber сотк 
which closes the opening. Wait for some time and see whether 
the temperature indicated.by the thermometer is steady. When the 
temperature becomes steady, record it. 


(3) Moving the eye-lens back and forth focus the cross-wires of 


each microscope distinctly without parallax. Then raise or lower the 
microscopes till the marks C and D are focussed along with the cross- 
wires and there exists no parallax between the images of the marks 
and the cross-wires. Now move the microscopes horizontally such 
that the intersection of the cross-wires of the microscope M, exactly 
coincides with the mark C and that of the microscope М» with the 
mark D. Having done this, read the horizontal main scale and the 
vernier of each microscope. Take the thermometer reading again. 
If the two readings of the thermometer slightly differ, find their mean 
value. This is the initial temperature (t,°C) of the rod. 

(4) Meanwhile allow some water to be boiled in a boiler. 
Connect the boiler with the inlet tube P, Steam will enter into the 
jacket and come out through the exit tube P,. The temperature of 
the rod will gradually increase and its thermal expansion will take 
place. When the thermometer T registers a steady temperature (about 
99*C), it should be recorded. Now slowly move the microscope M, 
towards left and M, towards right along the axis of the rod, till the 
intersections of the cross-wires of the microscopes M; and M. г again 
coincide with the scratches C and D respectively as before. Note 
the main horizontal scale and its vernier of each microscope. Again 
record the temperature shown by the thermometer, If this tem- 
perature differs slightly from the steady temperature recorded just 
before microscope adjustment was made (i.e. 99°С), then mean 
of these two readings are to be found out. It is the final tem- 
perature (t,^C). 

(5) If the difference between the initial and final readings of the 
microscope М, be x, and that for the microscope M, be Xs; then, the 
total linear expansion of the rod x=x,+x,, 


Measurements: (a) Length between the marks Cand D: 
G) ... cm (ii)... cm (ii)... ст. 
Mean length (4)=... cm. 


LUE naa НИИ 


| 
| 
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(5) Innial temperature : 


(Data are for illustration) 


| No. of Temperature Mean initial 
| Obs. temp. (5) 
ib 35:3°С 
2. 35:20 35-25°С | 
| 3. | 35:2°C 7 | 
(c) Final temperature : 
pua of | Temperature Mean final 
temp. (t2) 


99:1*C 


fe 99°C 99:05*C 


: | 
PEE ы dE 


(4) Linear expansion : 


Value of one division of the main scale of the microscope=..cm, 


. Vernier divisions —... main scale divisions. 
| =... mm. 
c 5; division=... mm. 
<. Vernier constant=... =... сш. 


[N.B. Generally two microscopes of same vernier constant are taken. If the 
Microscopes happen to have different vernier constants, they should be shown 
Seperately.] 


D. P. P.—6 
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Calculations: х= ^ = 
‚ 4(65-1) 

Remarks: (1) The scratches C and D Should be as near to the 
Jacket as possible. If they happen to be far away from the jacket the 
temperature of the exposed portion of the rod will not be same as 
that of the covered portion. (2) The horizontal displacement of the 
miscroscapes should be parallel to the axis of the rod ; otherwise 
Measurement of linear expansion will be erroneous . (3 While 
focussing the cross-wire of the еуе-рлесе, parallax Should be avoided, 
(4) While working the screws of the microscope back-lash error 
should be avoided. (5) Instead of one thermometer at the middle, 
in some arrangements, there may be two thermometers at the two ends 
of the rod. In that case, the mean of the two thermometer readings 
shouid be taken. 


DEL GC. 


2.2. · Alternative method - 


Apparatus: A hollow tube (about 1 metre long) of the metal 
whose coefficient of linear expansion is to be found out, a heat insulat- 
ing jacket, boiler, thermometer, a micrometer screw gauge with linear 
scale, battery, torch bulb, metre scale etc. 

Theory : As in Expt по. 2:1. 

Description of the arrangement : T is a hollow tube of the metal 


under investigation and is clamped rigidly at one end А which is joined 
by a rubber tubing R to a boiler (not shown). The tube is surrounded by 


J 
A WLLL И 
e 


Fig. 2 


insulating jacket J which extends as far as a stout metal strip P, fixed 
rigidly to the other end of the tube. A micrometer screw gauge S, 
with a horizontal millimetre scale M is fixed to the base ofthe apparatus. 
The screw S can move freely along the millimetre scale. Contact 
between the screw S and the metal strip P 15 indicated when the torch 
bulb 7, lights up. The bulb is in series with a battery E and the gap 
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between the screw point of S and the strip P. Steam or water can 
enter the tube through the end А and pass out through the exit rubber 
tubing at the other end of the tube. 


Experimental procedure : (1) Measure the length (4) of the 
tube from the inner face of the clamp A to the metal strip P with a 
metre scale. Repeat the observation thrice and find the mean length. 
Measure the least count of the screw-gauge in the usual way. 


(2) Boil some water in a boiler and pass a steady flow of steam 
through the tube T. Just before passing steam, the screw 5 is moved 
well back to avoid any strain on the metal strip P due to expansion 
of the tube. With the passage of steam, the temperature of the tube 
will rise and it will expand in length. Push a thermometer well down 
the tube through the exit tube and note the rise of temperature. 


(3) When the thermometer registers a steady temperature 1, 
(about 99*C), slowly turn the screw S always in one direction so that 
thelamp Lisjuston. Read the linear scale M and the circular scale S. 


(4) Disconnect the boiler and pass cold water through the tube 
T. After some time, again push a thermometer well down the tube 
through the exit tube. When the thermometer registers a steady 
temperature (11) contraction of the tube will be complete and a gap will 
be left between the screw-head and the strip P. As a result, the lamp 
willbeput out. Note the steady temperature. 


(5) Continuing the flow of cold water, again turn the screw 5, in 
the same direction as before, till the lamp L is just оп. Read the linear 
scale and the circular scale. 

Measurements : (a) Length of the tube : 

(1) ... ст (ii)... cm (М... cm. 
Mean length (4)=.. cm. 


(b) Temperatures : 


| Condition 1 


Steam SE | 
Cold water 5, | 
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(c) Linear expansion : 


The value of the smallest division of the linear scale—.. mm. 
Pitch of the circular scale—... mm. 
Total по. of circular divisions in the зсаје =... 
least count (/.c.)=... mm. 
Tempera- Scale readings (mm) Expansion 
rature (x—xycx) x 
Linear | Circular | Cir. scale | Total mm. (cm) 
scale scale xLc (mm) 


RE WA 
(°С IMP | $ 
| (хз) | 


= ie а ај 


=..рег°С 


°С 


Calculations : Linear expansion coefficient «= d 
l(ts— 13) 
Remarks: (1) Micrometer screw should always be turned in 
the same direction to avoid back-lash error. (2) If the metal strip 
is flexible some error comes in setting and reading the micrometer 
because the screw may be turned back through some distance while the 
lamp just remains on. (3) The result gives the coefficient of linear 
expansion of the metal within the temperature range of t, and f. 


Oral questions 


1. What is the co-efficient of linear expansion ? What is its relation with 
the coefficients of superficial and cubical expansions ? 


Ans. Consult any standard text book. The co-efficient of superficial expan- 
sion is twice and that of cubical expansion thrice the coefficient of linear expansion. 


2. How will the coefficient change if (i) the length is expressed in inches 
instead of centimetre (ii) the temperature is expressed in Fahrenheit instead of 
Celsius ? 


Ans. (i) No change ; Coefficient of linear expansion does not depend on the 


unit of length (ii) Since rF-C, ағ 
3. Will the coefficient of linear expansion be doubled if the length is doubled 2 


Ans. No ; Coefficient of linear expansion is a property of the material, 
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4. Will the coefficient of linear expansion of a material change if the range of 
temperature is changed ? 


Ans. Yes; co-efficient of linear expansion of a material slightly changes 
when the range of temperature is changed. See remark no. 3. 


5. What is the harm if the scratches on the rod are away from the jacket in 
the first experiment ? 


Ans. Sce remark по. 1. 


6. What is the harm if the rod is slightly disturbed after the initial reading 
has been taken ir the first experiment ? 


Ans. Correct expansion of the rod will not be obtained and the result becomes 
erroneous. 


7. 15 the first experiment possible if one end of the rod is rigidly fixed and a 
microscope is fitted at the other end ? 


Ans. Yes; The expansion will take place only in the direction of the freeend. 
Microscope will measure this expansion. 


8. 15 the alternative arrangement more accurate than the first 7 
Ans. No ; there are many sources of error in the alternative arrangement. 


2.3. Optical lever and its principle : 


Fig 3 shows an- optical lever. It consists of a metallic tripod 
stand ABC, having two arms AB and AC of equal length and three 
pointed legs A, B and C. A plane 
mirror М is hinged atthe back at 
right angles to the line BC. The plane 
mirror M can be turned about a 
horizontal-axis and its plane can be set 
vertical. Very small linear expansion 
can be accurately measured with the 

Fig. 3 help of an optical lever. The substance 
whose linear expansion is to be measured is placed below the 
front leg A and the lever is made horizontal and its mirror 
vertical. Due to expansion in length, the point А will be raised a little, 
tilting the mirror M. The angle through which the mirror M is tilted 
is measured and from that, the linear expansion is calculated. The 
perpendicular distance (AD) of the vertex A of the tripod from the 
base BC is called the arm of the lever. In fig 3, y is the length of the 
lever arm. 

Suppose, the linear expansion of the rod PQ is to be measured 
with the help of an optical lever [Fig 3(a)]. Set the mirror vertical after 
putting the front leg А of the lever on the top of the rod РО. Suppose, 


НЕАТ 87 


М, is the initial vertical position of the mirror. When the rod 
РО increases in length, the mirror МР tilted. Let x be the increase in 
length of the год and 0, the 
inclination of the mirror. 
Let M, be the inclined 
position of ihe-mirror. The 
inclination of the lever arm 
is also 0. 

A vertical metre scale (S) 

is setup at a distance of 
one or two metres from the 
mirror and its image in the 
mirror is viewed thougha 
telescope. Suppose in the 
initial position of the mirror Fig. 3(a) 
(i.e. at Му), the mark A of the scale coincides with the horizontal wire 
of the cross-wires of tne telescope. When the mirror is tilted to the 
position Ms, let the mark В of the scale coincides with the 
horizontal cross-wire. Hence, the displacement of the scale-divisions 
=АВ==а (say). It is clear that / AOB=20, because the reflected ray 
turns twice the angle through which the mirror turns, provided the 
incident ray remains unchanged. 


2-5 where D is the perpendicular distance between the 


: а 
mirror and the scale. Hence 0=— 
2D 

Again, considering the inclination of the lever arm, we can write, 


“о ог == 


So, knowing а, у and 2D, the linear expansion x of the rod сап ђе 
found out. 


2.4. Determination of the co-efficient of linear expansion of a metal rod, 
using an optical lever : 

Apparatus : Pullinger's apparatus, thermometers, scale and teles- 
cope, optical lever, metre scale etc. 


Theory : The co-efficient of linear expansion of a substance is the 
increase in length per unit original length of the substance (in the form 
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of a cod) per degree rise in temperature. If x be the co-efficient of 
linear expansion, then, 


ame 1,—1, Pera 
h(t5—t)  h(te—n) 
where, /, —length of the rod at t,°C: 15 —length of the rod at f? Clt >t) 
and x==/,—/,=increase in length. 
Here, the increase in length is measured with the help of an optical 
lever. If for increase of length x, the reflected light from the mirror 


d 
of the optical lever has a displacement d on the scale, then x Нар. y 
[See the theory of optical lever], where D= the distance of the scale 
from the mirror and y=arm of the optical lever. 
d.y E 


201—4) 


Description of the arrangement : The arrangement of the experi- 
ment has been shown in fig 4. А uniform rod AB of the metal whose 
coefficient of linear expansion is to be 
determined is placed in a metal jacket J, 
with its lower end B resting on a marble 
plate. There is. therefore, no room for the 
expansion of the lower end of the rod, The 
upper end of the rod projects slightly above 
the cork closing the mouth of the jacket and 
can expand upward. Two thermometers 
T, and T, are inserted into the jacket 
through two openings—one almost at the 
top and the other almost at the bottom of 
the jacket. Steam enters into the jacket 
through the inlet tube C and goes out 
through the exit tube D. The front leg of 
an optical lever rests on the end A of the 
rodand the hind legs on a glass plate G. 
At about 1 metre away from the mirror 

Fig. 4 of the optical lever, are placed a vertical 
metre scale and a telescope (not shown in the diagram). Looking 
through the telescope an inverted image of the scale is visible. 

An optical lever consists of a metallic triangular frame (a tripod) 
with two equal arms and three pointed legs. There is a vertical plane 
mirror at right angles to the line joining the two hind legs. 
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Experimental procedure: (1) Take the rod out of the jacket and 
find its length, by mzans of a metre scale. Using different parts of the 
Scale, repeat the observations several times. Find the mean length 
(L). This is the initial length of the rod. 


(2) Put the rod inside the jacket tube. Place the optical lever 
оп the glass plate such that the front leg rests on the projecting top (A) 
of the rod and the mirror M is exactly vertical. Insert two thermo- 
meters Т, and 7, into the jacket tube. Take their readings. If the 
thermometers give slightly different readings, take their mezn. It is 
the initial temperature of the rod (t,°C). 

(3) Keep the scale and telescope about a metre away from the 
mirror ofthe optical lever. Moving the eye-lens of the telesi ope back 
and forth, focuss the cross-wires of thetelescope without any parallax. 
Next turn the focussing screw of the telescope and bring the image of 
the scale formed by the mirror within sharp focuss. In this condition, 
both the cross-wires and the scale’ will be clearly visible through the 
telescope. Remove parallax between the two, if there be any. 


(4) Find the scale division which coincides with the horizontal 
Cross-wire of the telescope. Suppose it is d, cm. [Еуе-ріесе may be 
rotated, if necessary, to make one of the cross-wires exactly horizontal 1 

(S) Allow some water to boil in a boiler and pass the steam in the 
jacket through the inlet tube C. The steam comes out of the exit 
tube D. The temperature of the rod will increase as evidenced by the 
upward movement of the mercury thread in the thermometers. When 
the thermometers 7, and 7; give steady temperatures (nearly 99°C) 
read them and get their mean value, if they differ slightly. This is the 
final temperature (°С). · In this condition, find the scale division 
Coincident with the horizontal cross-wire of the telescope. Avoid 
Parallax while reading the scale division. A 
Suppose the reading is 4, cm. Here, the 
displacement of light spot on the scale 
d=d, за». 

(6) Ascertain the distance between 
the mirror of the optical lever and the 
Scale by a piece of thread and then find 
the length of the thread with the help of a 
Metre scale. This gives D. 

(7) Placing the optical lever on а Б b x 
Piece of white paper, apply some pressure 
on it. Three pointed legs will leave Fig. 4(a) 
impressionson the paper. Joining the impressions, draw the isosceles 
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triangle ABC [Fig 4(a)] by a pencil. BC is the iine obtained by Joining 
thetwo back legs. Draw a perpendicular 4D on BC. Findthelength 
ofthe perpendicular AD by a metre scale. This gives the length of 
the lever arm ()). 


Measurements : (a) Initial length of the rod: 
(Шот (1)... cm. (iil)... cm. 
Mean length (л) =... cm. 


(Б) Temperatures : 


Initial | Mean Final | Mean reading 
| Thermometers reading. | reading reading (ta) 
IS 
T, | "P eut 4G 
| | „С 3848 
т, | SC: | ot (el 
(c) Scale reading : Initial scale reading (dj) =... ст. 
Final scale reading (d;) =... cm 


Displacement of the light spot (d) 
=d,~d,=...cm. 


(d) Distance of the scale from the mirror : 
D=... ст 


(e) Length of lever arm : 
D— CMs 
Ра) то 


Remarks: (1) Displacement of the light spot and hence the 
value of d will be large if the distance between the metre scale and 
the mirror is large. It should be more than 1 metre. (2) Both the 
metre scale and the mirror of the optical lever should be vertical, 
(3) 2D/d is called the multiplying factor of the optical lever and may 
be as large as 50. (4) The distance of the telescope from the scale 
should be as small as the focussing of the telescope allows in order 
that the magnification may be as great as possible. 


Calculations : « Ја С: 
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Oral questions 


1. You are given two optical levers—one with a long arm and the other with 
а short агт ? Which one is better 7 


Ans. Greater the value of y, greater is the angle of tilt and hence greater is the 
displacement of the scale division past the cross-wire. 


2. Why should you keep the metre scalc at a long distance from the mirror ? 


Ans. Seeremark no. 1. 
[Questions of Expt 2.3 are also applicable here.] 


2.5. Determination of the pressure co-efficient of air at constant volume 
by Jolly's apparatus : 

Apparatus: Jolly's apparatus, a thermometer, a large beaker, 
Bunsen burner etc. 

Theory: The pressure co-efficient of expansion of a gas at cons- 
tant volume is defined as the fraction of its pressure at 0°C, by which 
the pressure of a fixed mass of gas increases per degree celsius rise in 
temperature. 

Suppose, Ра=ргеззиге of a fixed mass of gas at 0°C 


Р;= » за iis С 
Р,= » » » ээ 53% а“ а 
Then P, = Ру(1 уп) and P2=P,(1+y,t2) 
EVENS _Р.= Ро 
(1) oe ПР РАТ 
А Р lebat d Ре Ви 
(i) Also, ВУ TEILT hona epa! 


Thus the determination of у; involves the measurement of the 
Pressures.exerted by the given mass of the gas under constant volume 
at two known temperatures г, and f or /; and 0°C. To do this, the 
Pressures exerted by a given mass of gas at constant volume are 
measured at different temperatures. Then a graph is drawn with tem- 
Peratures plotted along X-axis and pressure along Y-axis, 0°C tem- 
Perature being coincident with the origin. By extrapolation of the. 
graph upto Y-axis, Po, the pressure at 0°C is found out. Taking any 
two points on the graph, the values of P, and P, and the corresponding 
temperatures г, and г, may also be found out. 


Description of Jolly’s apparatus : Fig. 5 shows aform of. Jolly's. 
apparatus. It consists of a glass bulb E which can be immersed ina 
bath contained in a large beaker. The bulb is in communication with 
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mercury manometer through a glass tubing of fine bore. The mano- 
meter tube is quite wide and consists of two limbs AB and CD contain- 
ing mercury and connected 
by a thick pressure tubing. 
The level of mercury in CD 
can be adjusted by raising сг 
lowering the limb AB till the 
meniscus ‘of the mercury 
level in CD just touches a 
mark F. The function of 
this mark is to ensure con- 
stancy of the enclosed 
volume of air or gas in the 
bulb Е. The pressure exerted 
by the enclosed gas can be 
determined by noting the 
difference in the levels of 
mercury in the two limbs 
and adding this to or sub- 
tracting it from the atmospheric pressure as the case may be. 
The atmospheric pressure at the time of recording observa- 
tions is available from  Fortin's barometer. For accurate 
measurement of the difference in levels of the mercury meniscuses, the 
apparatus is so arranged that the two limbs lie close together beside a 
paper scale (M— M) attached to the frame. Keeping the glass 
bulb immersed in water contained in a beaker, the water is heated by 
а burner and always stirred by a stirrer S. To read the temperature of 
air in the bulb, a thermometer T is kept close to the bulb. In some 
instruments, levelling screws are provided at the base for levelling the 
instrument. 


Fig. 5 


Experimental procedure : (1) With the help of the levelling 
Screws, make the scale and the manometer tubes vertical. 


(2) Read the atmospheric pressure from a barometer. Fill the 
beaker with water so that the glass bulb E is completely submerged, 
Stir the water for some time and see whether the thermometer gives a 
Steady temperature. Read the temperature when it is Steady. Now 
raise or lower the tube АВ so that the mercury meniscus in the tube CD 
just touches the mark F. Read the positions of the mercury levels in 
both the limbs on the paper scale MM. This is the initial reading of 
pressure at the room temperature. 
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(3) Heat the water in the beaker by the burner and slowly stir 
it. When the temperature of water rises by 5°C (ог 10°C), keep it 
constant for at least five minutes by controlling the heat. [Remove 
the burner when the temperature rises by 4°C. The heat of water will 
raise the temperature to some extent. If necessary, again apply some 
heat. In this way application of heat is to be regulated]. The air in 
the bulb E will be heated and will expand in volume, pushing 
down the mercury column in the limb CD. The level of mercury 
in the other limb AB, as а result, will go up. During the interval when 
the temperature of air is kept constant, the position of the tube AB is 
to be adjusted by raising or lowering so that the mercury meniscus in 
CD just touches the mark F. In this condition, read the position of 
the mercury level in the limb AB on the scale and the temperature as 
recorded by the thermometer 7. 

(4) In this way, by regulating the heat, raise the temperature of 
water-bath by steps of 5°C (or 10°C whichever is convenient) and 
repeat the observation no. 3 at each step. Take seven or eight obser- 
vations till the temperature of water-bath is near about 80°C. 

(5) At the end of the observations of pressures of enclosed air, 
take the barometer reading again. The mean of the initial and final 
ba-ometer readings gives the atmospheric pressure (H) at the time of 
experiment. 

(6) If the observed difference between the mercury levels (Л) in 
the manometer AB and CD in each case be added or subtracted from 
the atmospheric pressure (HA), the pressures of air enclosed in the 
bulb E, at constant volume, will be obtained. If the mercury level in 


AB ishigher than thatin СР, plus = 
Sign i.e. (Н--А) isto be taken and 


if the level in AB is lower than | 5 

that in CD, negative sign ie. = 

(H — р) is to be taken. ~ i Š 
(7) A graph is then plotted 2 

between different temperatures HE 


as abscissa and the corresponding 
Pressures in cm. of mercury as 
Ordinate. Thetemperature should n 
Start with 0°C located at the O 20C40 60 80 100 x 
origin while a suitable minimum —>Temp(te) 

value of pressure may be con- ie 

sidered as the origin. A straight ig. 5(а) 

line graph will be obtained [Fig. 5(a)]. The graph can be employed 


m 
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to get the value of .P,, the pressure of the enclosed air at 0°C 
by extrapolation. Produce the straight line DB to cut the pressure 
axis at 4. Pressure corresponding to the point A gives the value of 
Po. Now, take any two points B and D on the straight line and 
draw perpendiculars BC and DE on the temperature axis. Then 
AO=P, ; BC—P, ; DE=P, ; OC=t, and OES; 


Measurements : (а) Atmospheric pressure from barometer ; 


Value of the smallest division of the main scale—...cm 
-.. Vernier divisions —... main scale divisions 


» 3 


Vernier constant=... ст. 


Time of 
measurement | Main scale | Vernier scale | Total reading 
(cm) 


(х) | (0) 


Веѓоге ће 
start of the 
expt. 


After finishing} 
the expt 


(5) Pressures at different temperatures : 


Readings of mercury 


Temp. of levels Diff. of Total 
No. | water bath (cm) levels pressure 
of (^C) (h=a~b) | (P=H+A) 
Obs. Constant Level in (cm) (cm) 
level at F AB 


in CD 
(а) 


(5) 
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(c) Table for drawing graph: [Data taken from table (b)] 


Temp. (r*C) ‚28° | 38° | 48° | 58° | 68° | 78° | 88° 


t Pressure (P cm) 35 za zl = 65 ae | us 


Calculations : (i) From the graph, P,—04 =. .cm of Hg 


oerte. 
РЕВИЈА 
(ii) From the graph, P,=BC=.. ; P,=DE=.. ;t,=OC=.. SE 
‘and љ=0ОЕ=.. °С. 


үө 


— Р»—Р, = 
MePA 
Mean value of yy=.... 


Remarks: (1) The bulb Е containing air should be completely 
immersed in the bath and the latter should be constantly stirred. 
(2) The air enclosed in the bulb should be completely dry. As water 
vapour does not obey gas laws, slight traces of moisture in the enclosed 
air will affect the result. (3) Mercury used in the manometer tubes 
Should be pure. Impure mercury stricks to the wall of the glass tube. 
For this reason, manometer limbs should be tapped gently before 
taking the final observation. (4) When the temperature of the bath 
increases, the уоште of the glass bulb E also increases to some extent. 
So, the volume of the enclosed air remains always constant—this 
Statement is not exactly tenable. (5) Since glass is a bad conductor 
of heat, it takes time for the enclosed air to acquire the temperature of 
the bath. The readings should, therefore, be taken when the tempera- 
ture of the bath has remained steady for some time. (6) As the 
Portion of the glass tubing connecting the bulb E and the manometer 
limb CD remains outside the bath, temperature of enclosed air cannot 
be taken same throughout. 


у Oral questions 
1. What is the coefficient of expansion of gas 7 Is it same for all gases 7 
What is its value ? 


Ans. Consult any standard text book. It is same for all i 
4510-00365. у standard te gases and its value 
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2. Can an unknown temperature be found out by this arrangement ? 


Ans. Yes. Knowing Yv,and determining the pressure exerted by the enclosed 
gas at the unknown temperature, the equation mentioned in the theory helps us to 
determine the unknown temperature. 

3. Is the coefficient of volume expansion of a gas equal to its pressure co- 
efficient ? | 

Ans. Yes, their value is 0:00365. 


4. What is the harm if the enclosed air in the experiment is moist 7 
Ans. See remark no, 2. 


5. Can any liquid other than mercury be used for the measurement of 
pressure ? 


Ans. Mercury has the advantage that the level differences in this case, when 
directly added to or subtracted from barometric reading, gives the air-pressure 
because barometers also employ mercury. For any other liquid, the pressure 
difference is to be calculated from the formula р=й. p-g and then converting 
it in terms of mercury height it is to be added to or subtracted from the 
barometric height. 


6. Why should you keep the temperature of water-bath steady for some time 7 
Ans, See remark по. 5. 


7. Why should you use a stirrer ? 


Ans. To keep the temperature of the bath uniform throughout, it should be 
constantly stirred. The stirrer is used for that purpose. 


8. How many coefficients of expansion does a gas possess ? What is their 
relation ? 


Ans. Two ; one is pressure coefficient at constant volume and the other 15 
volume co-efficient at constant pressure. They are equal to each other. 


*2.6. Determination of the volume co-efficient of air at constant 
pressure by Regnault’s apparatus : 


Apparatus: Regnault’s apparatus, thermometer, beaker, burner 
etc. 

Theory: The volume coefficient of expansion of a gas at constant 
pressure is defined as the fraction of its volume at 0°C, by which the 
volume of a fixed mass of gas increases per degree celsius rise in tempe- 
rature. 


Suppose, У = уоште of a fixed mass of gas at 0°C 


и 229» „С 
У » ээ » tC 
Then, Ул= УЦИ уд ћ) and У,-УХАТ, В) 
/ Т м 
(0 ne ГАРА 


*For North Bengal University only. 


= EEE eee 


ШОШ ll 
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(ii Also, АЕ ог Раба 
V. .1+Ypt2 Vite— Vati 


Thus, the determination of Yp involves the measurement of the 

volumes occupied by the given mass of the gas under constant pressure 

at two known temperatures 1, and t; or г, and 0°C. To do this, the 

volumes occupied by a given mass of gas, at constant pressure, аге. 
measured at different temperatures. Then a graph is drawn with 

temperatures plotted along X-axis and volumes along Y-axis, 0°C 

temperature being coincident with the origin. By extrapolation of 

the graph upto Y-axis, Vo, the volume at 0°C is found out. Taking 

any two points on the graph, the values of V; and V, and the corres- 

ponding temperatures г, and t; may also be found out. 


Description of Regnault’s apparatus: Fig.6 shows a form of 
Regnault's apparatus. It consists of a glass tube BC bent almost in 
the form of a U, one end of which is opento air and the other end 
terminating in a bulb А. The bulb is full of dry air and is graduated 
іц с.с. Some part of the bulb A and the 
U-tube BC contain sulphuric acid. At the 
bottom of the U-tube, a narrow glass tube 
with a stop cock D is fitted. А wide glass 
jacket cylinder containing water surrounds 
the U-tube. Thelower end of the cylinder 
is closed by a rubber cork EF. The exit 
tube D projects through a hole at the middle 
of the rubber cork. А bent copper tube 
MN isinserted into the jacket through two 
holes in the rubber cork. Steam is sent 
through the copper tube MN which warms 
up*the water in the jacket. A stirrer S to 
Stir water and a thermometer T to read the 
temperature of air in the bulb A are also 
provided. By draining out some acid on 
opening the stop-cock Р or by adding 
some through the open end of the U-tube, 
when the levels of acid in the two limbs B 
and C are made equal, the pressure of Fig. 6 
air in the bulb А will be equal to atmospheric pressure, 


Experimental procedure: (1) Get the atmospheric pressure 
from a barometer. Fill up the jacket cylinder with water. After 
D.B,P.—7 
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stirring the water by the stirrer S for some time, record its temperature 
from the thermometer T. 1 

(2) Put a beaker below the tube D. Drain out acid slowly by 
opening the stop-cock so that the meniscuses of the acid in the limbs 
B and C stand at the same level. When this is done, read the volume 
of air in the bulb А from the scale graduated on it. This will give the 
initial volume of air at the room temperature. 

(3) Allow some water to boil in a boiler and pass the steam 
through the bent tube MN. The temperature, of water in the jacket 
willslowly rise. By controlling the flow of steam and constant stirring, 
the temperature of the bath is made 5°C (or 10°C whichever is con- 
venient) more than the room-temperature and is kept steady for a few 
minutes. Meanwhile, tlie acid levels in the limbs 8 and С are to be 
brought at the same height by slowly draining out the acid through 
the tube D. [If necessary, some acid may also be poured through 
the open end of the limb. С]. Record the temperature of the bath 
from the thermometer and the volume of air in the bulb A from the 
scale. 

(4) In this way, raise the temperature of the bath by steps of 5* C. 
(or 10°C) by regulating the flow of steam and repeat the observation 
no. 3 at each step. Take seven or eight such observations till the 
temperature of the bath rises to about 80°C. 


(5 At the end, take the barometer reading again. The mean 
of the initial and final baro- 


meter readings gives the 
atmospheric pressure at the 
time of experiment. 

(6 A graph is then 
plotted between different 
temperatures as abscissa and 
the corresponding volumes 
in c.c. as ordinate. The 
temperature should start with 
0°C located at the origin while 
a suitable minimum value of 
volume may be considered as 
the origin. А starightline graph 

Fig. 6(а) will be obtained [Fig 6(a)j. 
The graph may be employed to get the value of Vo, the volume 
of the enclosed air at 0°C by extrapolation. Produce the straight 


Volume (cc) —> 


о 2 40 60 80 100 Xx 
Temp (tt) — 
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line DB to cut the volume axis at A. Volume corresponding to the 
point A gives the value of Vo. Now, take апу two points B and р 
on the straight line and draw Регрепіісшагѕ BC and DE onthe 
temperature axis. Then, AO=V,; ВСЕТ, ; DE=\, ; OC-—1, and 
ОБ=,. : 
Measurements : (a) Atmospheric pressure from barometer. 
Value of the smallest division of the main scale=,.. сш. 
+. Vernier divisions—.. тат scale divisions, 
=... cm. 
Т3 T =... ст. 
Vernier constant=... сш. 


кш. 


Barometric height 
| 

Time of Main scale Vernier 
measurement (cm) scale 


(x) 0) 


| 
| 
| 
i 
| 
| 


Before the start of 
the expt. 


After finishing 
| the expt. 


М Y 
(b) Volumes at different temperatures : 


Temp. of water 
bath (¢°C) 


Volume of air 
in the bulb 4 
(V c.c.) 


28°C 
(room temp) 
33° 
38° 


58° 
63° 
68° 
etc 


Calculations : (i) From the graph, И. =ОА=.. с.с. 
У =ВС=,,. cc. 
һ=ОС=... °С 
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(ii) From the graph, V,—BC—... с.с. ; V,—DE-... с.с. ; 
1,20C—... °C and љ=0Е=... га 
_ VV 
y Vita— YQ à 


Mean value of y,—. .. 


Remarks: (1) Fora good graph 9/10 points are necessary. For 
this reason, the temperature of the bath should be changed by steps of 
5°C or 10°C, (2) While making the acid levels in the two limbs B 
and C equal, the draining out of acid may sometimes exceed the desired 
extent. In that case some acid may have to be poured through the open 
end of the limb C. (3) While reading the volume of enclosed air, parallax 
should be avoided. (4) The temperature of the water bath should 
remain steady when observation on volume of air is taken. (5) As 
glass 15 not a good conductor of heat, the air in the bulb A takes some 
time to acquire the temperature of the bath. For this reason, equalisa- 
tion of acid levels and observation of air volume should be made some 
time after the water-bath has attained a steady temperature. Ў 


Oral questions 


1. What is volume coefficient of expansion of a gas? Is it same for all 
gases ? What is its value ? 

Ans. See theory. It is same for all gases. Its value is 000366. 

2. Can you find out an unknown temperature by this apparatus ? 
Vi— Vo 


; knowing Vi, Vo and Yp, temperature г can be 
Yo: Vo 


Ans. Yes; t= 


found out. 

3. Is volume coefficient of gas equal to its pressure co-efficient ? 

Ans. Yes ; their value is 0:00366. 

4, Usually mercury is used in a manometer. Why is sulphuric acid used 
here ? 

‘Ans. Sulphuric acid is lighter than mercury. À slight difference of pressure 
will cause an appreciable difference in the levels of sulphuric acid in the two limbs. 
Further, as sulphuric acid is hygroscopic, it keeps the air in the bulb А perfectly 
агу. 

5, Сап you take water in place of sulphuric acid ? 

Ans. No ; water will evaporate and make the air in the bulb moist, Moisture 
does not obey gas laws. 

6. In this experiment you have kept the pressure of air constant. What is 


the value of the constant pressure ? 
Ans. The constant pressure is equal to the atmospheric pressure. 
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7. Should you take reading as soon as the temperature of the bath becomes 
steady ? Р 


Ans. See remark no. 5. 

8. Does the volume coefficient of expansion of a gas depend on (i) the mass 
of the gas (ii) the scale of temperature ? 

Ans. It does not depend on the mass of the gas but depends on the scaie of 
temperature. 

9. Can you find out the value of absolute zero from this experiment ? 

Ans, Yes; at absolute zero, the volume of a given mass of gas theoretically 


becomes zero. So, if the graph DB is extrapolated to intersect the temperature axis,, 
then the intersection point will give the value of absolute zero in celsius scale 


(=273°C), 


2.7. Determination of the co-efficient of absolute expansion of mercury 
by Dulong and Petit's method : 
Apparatus : Dulong and Petit's apparatus, travelling microscope, 
(or a cathetometer), thermometers etc. 
Description of the apparatus: The apparatus is illustrated in 
Fig7. It consists of a glass tube bent in the form of a rectangle ABCD. 


ал Пи улова eed 


Fig. 7 
The arms AB and DC are vertical while the arms BC and AD are 
horizontal. The portions of the tube after A and C have approached 
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each other and then have gone up vertically along HG and EF respec 

tively remaining close to each other. The arms DC and АВ аге 
enclosed in jacket tubes Л and Ja respeetively whose mouths are 
closed by corks. Through the jacket J, steam is passed and through 
the jacket J, cold water (at room temperature) is circulated. Two 
thermometers T, and T, are inserted into the jackets J; and J, respec- 
tively. The thermometer T, гесог©$ the temperature cf coid water 
while the thermometer T.records ihe temperature of steem. Dry and 
pure mercury is poured in the tube until mercury enters in the limbs 
HG and EF. The whole arrangement is fixed on а wooden board by 
suitable clamps so that AB and DC are vertical and BC and AD are 
horizontal. Levelling screws are provided at the base in some instru- 
ments. During an experiment, the arm EC is wrapped up with 
wet cloth or wet blotting papers so that heat may not be conducted 
through the arm. 


Theory: The coefficient of absolute expansion of mercury is 
defined as the real increase in volume per unit volume of mercury а! 
0°C for 1°C rise in temperature. Suppose, 
Н —the height of the vertical arm AB or DC. 
h,=the vertical height of the mercury column in the tube HG 
h= ,, S г т. 272 
p,=density of mercury at the temperature of cold water (°С) 
poses њу » в b. >," Steam (30) 
y —coefficient of absolute expansion of mercury. 

Now, Pressure at B— Pressure at С. 


or H.psg--Inpig—Hpig-- hs. pig 


о, PLE 
Ра Н 
ye рг ЖН 
2 руба — 1) H 
: ћу—ћу ° 


spe TIL peres. 

Ran ETS) Crt | 
Experimental procedure: (1) If the instrument has levelling 
screws then make the arms AB and DC vertical with the screws. Allow 
the jackets J, and J, to be filled up by air so that the thermometers 7, 
and Т» register the same temperature (rocm temperature). The heights 
of mercury columns in the tubes EF and GH will also be equal. Ifthe 
thermometers register different temperatures and the heights of mercury 
columns in EF and GH are not equal, their differences are to be noted. 
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(2) Wrap the horizontal arms AD and BC with wet cloth or wet 
blotting paper. Circulate water at rocm temperature through the 
jacket J, and note its temperature (1,°C) by the thermometer Ту. 

(3) Allow some water to boil in 2 boiler and pass the steam 
coming from the boiler Фговрћ the jacket 7. The thermometer 75. 
will show a gradually increasing temperature and the mercury columii 
in the tube HG will slowly rise up. 

(4) Meanwhile find the vernier constant ofa travelling micrcscope 
and focus Из cross-wires. Make the axis of the microscope horizontal 
and bring it near the tube EF. Turning the focussing screw, focus 
the microscope on the mercury column. The meniscus of mercury 
column in the tube willappear convex. Raise or lower the microscope 
along its vertical scale so that the horizontal cross-wire is set tangen- 
tial to the convex meniscus. In this conditi. read the vertical main 


- Scale and its vernier. 


(5) By this time, the temperature of the jacket J, will attain a 
steady value. Read this steady temperature (С) from the thermo- 
meter Т». Shift the microscope towards left and bring the mercury 
column in the tube GH in focus. Adjust the height of the microscope 
such that its horizontal cross-wire is tangential to the convex meniscus 
of the mercury column. Wait for sometime, say five minutes. See 
whether the cross-wire is still tangential to the convex meniscus. It 
may so happen that the temperature of the mercury column in HG has 
not yet attained steady value and that its height is slowly changing. 
If that be the case, the adjustment of the horizontal cross-wire is to be 
repeated after every 5 minutes’ interval till the temperature-of the 
jacket J, and theheight ofthe mercury columnin GH become constant, 
When the system finally attains a steady state, read the vertical scale 
and its vernier after setting the horizontal cross-wire tangential to the 
convex surface of the mercury column. Read also the final steady 


temperature from the thermometer Ту. 
(6) The difference of the readings obtained from the observa- 


tions no. 5 and 4 will be equal to (hy —h3). 
(7) With the help of a metre scale, find the height of the arm 
AB от CD. This is equal to Н. 


Measurements : (a) Microscope measurement : 


Value of one small division of the main ѕсаје=. :; cm. 
. Vernier divisions=... main scale divisions 

: ст. 

. ст. 


рс", » 


Vernier constant—... om. 
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(i) When the jackets contain air at room temperature : 


Meniscus readings (cm) 


Temperature 
(°С) Column EF Difference 


Column GH 
(ha) ( —h3) 


(h) 


Main | Vernier | Readin; 


Jacket | Jacket | Main | Vernier | Total 
scale | scale 


Meniscus readings (cm) 


Inter- 
val | Temperature Difference 
in (°С) Column GH | Column EF (hy—hs) 
mnts (Qn) (Ig) cm 


Vernier | Total | Main | Vernier | Total 


scale scale | scale 


i | 7 И » (steady) 


(b) Height of the arm AB or DC : 
(i)... ст (i)... ст (ii)... om. 
* Mean height (H)=... ст. 


Main 
scale 


Jacket | Jacket 
AS) | Ја) 


(steady) (steady) 


Calculations : 
үш Баа а граб. 
{9—0 -h3)(t — 65) 
Remarks: (1) While reading the position of mercury meniscus, 
there should be no parallax between the cross-wires and the image of 
ding should be taken when the system 


the meniscus. (2) Final rea 
has attained a steady state. (3) The heights of the tubes AB and DC 


are taken equal ; but due to difference of temperature, their heights will 
be slightly different. Hence, the final result is not faultless. (4) Al- 
though the horizontal arms AD and BC are wrapped up with wet 
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cloth, yet some heat from steam will be conducted to water. Asa 
тезш, hot mercury column will conduct some heat to cold column. 
(5) In some instruments, а scale graduated on a mirror is fixed by the 
side of the tubes GH and EF, from which the value of (h,—hs) may 
be directly obtained. (6) Since H is much larger than (hi — hi3). 


it may be measured to a sufficient degree of accuracy with a metr? 


Scale. 


Oral questions 
1. What is the coefficient of absolute expansion of a liquid ? What is its 
relation with the coefficient of apparent expansion 2 
Ans. See theory. Coefficient of absolute expansion = ү, that of apparent 
expansion — y" and the cubical expansion of the container = Ye. then, Уи yg. 


2. What is the harm if the cross-sections of the tubes 4B and DC are 


different ? 
Ans. No harm becaüse pressure does not depend on the cross-section ; but 


if one of the tubes very narrow then, capillary action will cause a difference of heights 
of the mercury columns even when the temperature is same In both the columns. 


3. Can you keep air instead of 
Ans. Yes ; provided the temper 


water in the jacket Л ? 
ature of air сап be kept steady throughout. 


2.8. Determination of the coefficient of apparent expansion of a 


liquid by a weight thermometer : | 

Apparatus: А specific gravity bottle (or a weight thermometer), 
thermometer (reading upto z of a centigrade degree An 
liquid (say paraffin or glycerine), burner, beaker, а balance with weight 
box, а stand, a piece of thread etc. 


Description of Ше weight 
thermometer; It consists of a 
glass bulb with a long marrow 
neck [Fig 8(b)]. The neck is usually 
bent twice at right angle and 
has a tapering end. Although 
its appearance differs very much 
from an ordinary Celsius ОГ 
Fahrenheit thermometer, yet 1015 m y 
called a thermometer because an 


unknown temperature can be Fig. 8 – 
found out with its help. To fill up the thermometer with a liquid, 
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alternate heating and cooling process is to be adopted. For this 
purpose, the bent neck is inserted in the liquid taken in a basin and the 
bulb is heated alittle. The air in the bulb will expand and will go out 
bubbling through the liquid. If the bulb is now cooled, some liquid 
will enter Фе bulb. In this way, the bulb is to be alternately heated 
and cooled until it is completely filled up with the liquid. 


An ordinary specific gravity bottle may also serve the purpose of 
2 weight thermometer. It consists of a fiat-bottcmed glass bottle with 
à ground neck in which 2 ground glass stopper may fit in a water-tight 
condition. There is 2 long narrow hole in the stopper [Fig 8(a)]. 
When the bottle is filled up with а liquid and the stopper is placed in 
the neck, excess liquid will ccme out through the hole. As specific 
gravity bottles are easily available, in the description of the experiment 
below, a specific gravity bottle has been used instead of a weight 
thermometer. 


Theory: Letthe mass of liquid completely filling the bottle at 
4,°C=m, gm 


3 
t C=m, gm 


ээ, 3% 3 э» Е ” >> 


Then, the coefficient of apparent expansion of the liquid (>) 
„_ My—M, _ mass of liquid expelled 


то! — tı) mass of liquid left x diff of temp 


Experimental procedure : (1) Find the weight (w1) of the clean 
dry and empty specific gravity bottle with the help of a balance, upto 
the nearest centigram. 


(2) Fill up the bottle with the liquid under test and place the 
stopper lightly in the neck of the bottle. Some liquid will come out 
of the hole in the stopper. Wipe the bottle clean. Take care that 
no air bubble sticks inside the bottle. The bottle, thus becomes 
completely filled with the liquid. Weigh the bottle to the nearest 
centigram with the help of a balance. Геї the weight be w,. Then 
the mass of the liquid completely filling the bottle my—(wa—w;) gm. 

[If a weight thermometer is used, it is to be filled up by the liquid 
by alternate heating and cooling as described earlier.] 


(3) Take some water in a beaker at room temperature. Note 
its temperature with the help of a thermometer (1,°С). This will also be 
the initial temperature of theliquid undertest. Tiea piece of thread 
to the neck of the specific gravity bottle and immerse the bottle into 
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the water upto its neck as showninthe Fig 8(c). Keep the botile hanging 


from a suitable stand and piace the beaker on 2 
piece of wire gauge over e tripod stand. Insert a 
thermometer T and a stirrer S into the beaker. 

(4) With the help of a burner, apply 
heat gently to the beaker and stir water slowly. 
The temperature of water bath will gradually 
rise. When the temperature of the bath attains 
aspecified value 1,°С (say 80°C), keep the 
temperature steady for at least 5 minutes. 
The liquid inside the bottle. in the mean 
time, expands and some of it comes out 
through the hole of the stopper. After 
keeping the bottle for about 5 minutes in 
the steady temperature bath, take it out of 
the bath, holding the thread. Note the 
steady temperature (1 С). 


Fig. 8(c) 


(5) Keep the bottle hanging in air. Wipe out carefully any 
water or liquid that may stick to the neck of the bottle by some clean 
cloth or blotting paper. When the bottle cools down to the room- 
temperature (i.e. °С) again, carefully wipe clean the bedy of the bottle. 
Weigh the bottle again up to the nearest centigram. Let this weight 


be ws. 


Then the mass of the liquid completely filling the bottle at 1,°С 


ms;—(w4— ил) gm. 


Measurements : Initial temperature (4,°C)=... °C 
Final steady temperature (°С) =... °C 
Mass of Mass of bottle Mass of Mass of | Mass of 
empty bottle +liquid liquid filling | bottle+ | liquid filling 
Qv) filling the the bottle | liquid filling | the bottle 
bottle at at 4°C the bottle at °С 


°С (уз) (m — на — ул) at °С 


(та = у —ил) 


ebbe NER IE | ЗН 
..gm|..+..=..gm ..gm от 
Calculations : 
Qu Шз шү сү (з, 
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Remarks: (1) The above experiment gives the coefficient of 
apparent expansion of the liquid within the range of 11? and rj C. If 
the coefficient is wanted for different range of temperatures, the bottle 
is to be raised to the corresponding temperatures. (2) Neck of the 
bottle remains outside the bath and hence its temperature is different 
from that of the liquid. -This brings in slight error in the result. This 
error is minimised if the neck is short. In this respect, a sp. gravity 
bottle is better than a weight thermometer which has a long neck. 
(3) The instrument is called weight thermometer because an unknown 
temperature can be found out with its help, not by noting any thermal 
change, but by noting the weight of some liquid. 


Ora! questions 


1. What is the coefficient of apparent expansion of a liquid ? What is its 
difference with the coefficient of real expansion 2 


Ans. Consult any text book. 
2. Which coefficient did you measure bv this experiment ? 
Ans. The coefficient of apparent expansion. 


3. Can you find out the coefficient of real expansion from this experimental 
result ? 


Ans. Yes, if the cubical expansion of the container is known. The relation 
is y=yı+yg where Y coefficient of real expansion, »y,-— coefficient of apparent 
expansion, үз соеп of cubical expansion of the container. 


4. Which are the sources of error in this experiment ? 


Ans. Errors occur in weighing the bottle. full or empty. Error also occurs in 
measuring temperature, due to non-uniformity of temperature and due to incomplete 
drying of the bottle. 


5. Why is the instrument called weight thermometer ? 
Ans, Seeremark no. 3. 


2.9. Determination of the thermal conductivity of a metal by Searle's 
method : 

Apparatus : Searle's apparatus, four thermometers (two reading 
$°C and the other two is О), stop watch, measuring cylinder, beaker, 
slide-callipers etc. 

Description of the apparatus: Fig. 9 shows the appearance of 
Searle's apparatus. АВ, the specimen, is a polished cylindrical rod 
of copper of length about 20 cm and diameter about 5 ст. One end 


a 
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A of the bar is inserted into a steam-chest E. A copper coil C is 
soldered at the other end, This end is cooled by circulating water 
through the coil from a constant-head water reservoir R. To measure 
the temperature gradient, two thermometers T, and T, are placed in 


Steam 
— = 


ШИШИШИ 
y d 


Fig. 9 
two mercury-filled cups. The cups are made of the same metal as 
the bar and are soldered to the specimen at a certain distance apart. 
The temperatures of the inflowing and outflowing water are recorded 
respectively by two other thermometers T,and Тз. The whole apparatus 
is heavily lagged with felt. NS E 

у 8 e the heat conducted through any section of the 
ПИ qo K.A(0,—09t 
d 


rod at the steady state, then Q— where K=thermal 


conductivity of the metal ; A=cross-sectional area of the specimen ; 
Ө, and 0,—temperatures as recorded by the thermometers Т; and T, ;- 
t= time of flow of heat and d=the distance between the holes through 


which the thermometers T; and T, are inserted. | 
Again, Q—m(0,— 9) where m=mass of water that circulated 


through the copper coil C during the interval 1, and Ө», 0, —the tem- 
Peratures of outflowing and inflowing water 
£ d(04—0).m _ G4 —99-m [r—radius of the rod AB] 
A(0,—03.t — xr(6:— Ө)? 
Experimental procedure: (1) Open the box containing the 
specimen rod and remove the pieces of felt surrounding the rod, 


K 


110 DEGREE PRACTICAL PHYSICS 


Determine the diameter of the bar at a number of places with the help 
of slide-callipers. At every place, make the determination along two 
mutually perpendicular diameters. Find the mean diameter and 
hence the radius (r) of the Баг. [In some instruments, the diameter of 
the rod can not be directly measured. In such cases the diameter is 
supplied by the maker of the instrument.] 

(2) Find the distance (4) between the holes through which the 
thermometers 7, and 7, are inserted with the help of a metre scale. 
Put the pieces of felt around the bar and close the box. 


(3) Put some water in a boiler and heat it by a burner. Put the . 


thermometers in their sockets. -The thermometers 7, and 7, should 
be capable of reading upto wC because (0,— 0%) is small while the 
thermometers Ту and 7, should be capable of reading upto 4°C because 
(0,—0,) is large. Before passing steam and water current, note 
whether all the thermometers are giving same reading. If any one of 
them gives a different reading, the error is to be noted and the final 
temperature recorded by that thermometer should be corrected 
accordingly. d 

(4) Meanwhile, water has started boiling. Connect the rubber 
tube of the boiler with the steam-chest E and pass a steady current of 
steam into the steam-chest to heat the end А of the copper, bar. At 
the other end connect the copper coil C with the constant-head water 
reservoir R. Take care that the head of water in the reservoir remains 
always constant. To have a measurable difference of temperature 
(not more than 10°C) between the incoming and outgoing water through 
the copper spiral C, adjust the rate of flow of water low by 
regulating the pinch-cock P fitted with the tube of the water 
reservoir. 

(5 Wait till the steady state is about to be reached ; it generally 
takes about half an hour or so for the bar to attain the steady state. 
In the steady state, take the readings of all the thermometers. The 
fact that the bar has attained the steady state is confirmed by noting 
the temperatures of four thermometers at every five minutes' interval 
and observing finally that there is no change in their respective readings. 
Consider the final observations as giving the steady temperatures of 
the four thermometers. Now place a measuring cylinder below the 
outflow tube and collect water for some time. Note the time of collec- 
tion of water (t) by a stop-watch. 

(6) Repeat the experimental observation no. 5 after changing 
the rate of flow of water through the copper coil C by the pinch-cock 
P. Interchange the positions of the thermometers also. 
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(7) When the experiment is over, disconnect the boiler and the 


water-reservoir from Searle’s apparatus. 


Measurements : (a) Radius of the bar : 
Radius (r) of the copper bar =.. cm 
[Give the table for the readings of the slide-callipers]. 
(b) The distance (d) between the thermometers T, and T, : 
() ...cm (ii)... ст (iii)... ст. 
Mean distance (d)=... cm. 


(c) Thermometer readings before steam and water circulation : 


Interval Thermometer reading | 
(Ө, — 0.) |(0,—0,) 


їп 
minites Т, 


02 | ..(09 


- 6) |. 208) | -- СУ) 
(steady) (steady) | (steady) | (steady) 


‚@ | ..0) |.) | --@o 
(steady) | (steady) | (steady) | (steady | 
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(e) Mass of water collected : 


No. of Time of Volume of Mass of 
Obs collection water collected | water collected 
(0) (т) 
1 sec сс: gm 
2. sec AEC gm 


(f) Consolidated table : 


No. | radius | Mass of | Time of 
of | ofthe | water | collec- |(0,—0:)|(0,—0)| К |Mean 


Obs | rod (r) (ту tion (t) K 
1; ..cm ..gm .sec |. XC. 
2. ст . Вт 2s "e AACE ы, 


Calculations : 
_ 4(0;—04).т _ 
 лгд — де о 
2. К=.. c.g.s. 
Proportional and Percentage error 
4(0,—6,).т 
The maximum % error in K is given by, 
3K па Oe 6), àm 2. LM 5(0,—0,), 8t 
(E )msi- Е "| 
x100% .. (0 


In one experiment, the following data were obtained, 


. С.8.5. 


We have, K= 


d=10 cm. 8d—0.01 cm (Least count of slide calli- 
pers) 

0.=93°С 80,—30,—0:1*C (Тез count of Т» and 

0,—84^C Tais 5*0) 

m=35 gm бт=0:5 gm (Volume collected was. 


35 с.с. in a measuring cylinder whose least count=0'5 c.c.) 
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r=2°50 ст 8r—0:001 cm (Least count of screw 
gauge) 
M 801—90,—0:5^C (Least count of T; and Т, 
0,—33:2C is °C) 
t=120sec. 5: =0:2 sec. 


Substituting the values in eqn (i) 
а. 
К мах 10 (93—84) 35 2:5 (60— 33:2) 


9? | 190» 
02 % 


==10'001 +-0:022-++-0-0143-+ 0:0008--0:0039-+--0016] x 100% 

—0:0436 x 100% —4:36 % 
Hence the proportionate error in K in the above measurement is 
436%. ОҒ this error, the contribution due to measurement of tem- 
perature of inflowing and outflowing water (0,—0,) is 22% and that 
due to measurement of mass of water (т) is 14%. So, the thermo- 
meters employed (T, and 7,) to measure (0,—0,) should be more 
sensitive and the measuring cylinder used to collect water should have 
graduation less than 0:5 c.c. 


Remarks: (1) It is necessary to check whether all the thermo- 
meters read equally before steam and water circulations are started. 
(2) Thermometers should be read only when the rod has attained 
Steady state which is confirmed by the steady reading of all the thermo- 
meters. (3) It is essential that the head of water-in the reservoir 
should remain always constant to ensure a steady rate of flow of water. 
Water should not be ailowed to flow direct from the tap. (4) The 
temperature difference between the inflowing and outflowing water 
should not exceed 10°C. (5) Such quantity of water should be 
collected as would fill up at least 3th of the volume of the measuring 


Cylinder. 
Oral questions 


1. What do you mean by the thermal conductivity of a metal ? 


Ans. Consult any standard text book. 

2. Why do you keep the head of water in the reservoir constant ? 

Ans. If the head of water is not kept constant the rate of flow of water 
through the copper coil will vary. Consequently, the amount of heat absorbed 
by the outflowing water will also vary. In that case, the formula mentioned in the 
theory will not be applicable. 


D.P.P.—8 
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3. Does the thermal conductivity depend on the diameter or the length of 
the rod ? ' 

Ans. No ; thermal conductivity depends on the material of the rod 

4. The difference of temperature (0,— Ө.) should not exceed 10°C. Why ? 

Ans. If the difference exceeds 10°C, the error due to exposed portion of the 
thermometers will be high. The error will be minimum when (0,—0,) is nearly 
equal to (0,— 0). Generally the difference (0,— 0,) is kept within 10°C. 

5. Why is there a copper coil at one end of the год ? 

Ans. As copper is a good conductor of heat, it absorbs and conducts heat to 
the water satisfactorily. 

6. In which case the method is suitable ? 


Ans. The method is suitable only for materials which are good conductors of 
heat and are available in the form of a bar or a cylinder. 


7. How do you ensure good thermal contact between the thermometers T, 
and T, and the copper bar 7 


Ans, Contact is ensured by mercury which is a good conductor of heat. 


3. LIGHT 
‚стт Ta ai oa 


31. Determination of the refractive index of the material of a convex 
lens by using the lens and a plane mirror : 

Apparatus: А convex lens, a plane mirror, a spherometer, а long 
pin, stand with clamp, metre scale etc. 

Theory: Iffbethefocallength of the lens, р the refractive index 
of its material and r, and r, are the radii of curvatures of the two sur- 
faces of the lens, then we know, 


ке 


If the lens be double convex, f апа r; are negative. Hence, 
Wea prin ө шыр = Tals д 
7 (и X = 3 or р FAL EE ten) 

If the convex lens be placed on a plane mirror and a pin be held 
vertically above it at such a distance that the pin and its image coincide, 
then the position of pin is the focus of the lens. If x and x, be the 
distances of the pin from the upper surface of the lens and the plane 
mirror respectively then, 


pum baw birra) 


Again, if d be the mean length of the three arms of the equilateral 
triangle formed by the tripod stand of a spherometer and h be the dis- 
Placement of the central screw-tip when it touches successively the 
Biven spherical surface and a plane surface, then the radius of curva- 
ture r of the spherical surface is given by, 


2 
А У "ECT 


From this equation г; and г» can be found out. 
So, knowing f, r, and га, р can be found out from eqn (i). 


Experimental procedure : (1) Put the plane mirror M on a 
horizontal table and on it place the convex lens L [Fig 1]. 

(2) Fix a long pin P in a vertical stand in such a way that the 
pin is horizontal and its tip is vertically above the centre of the lens L. 
Make the tip of the pin white by some chalk powder, 
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(3) With the eye at least 25 cm above P, look for the inverted 
image of P.. If the image is magnified, P is too close to the lens ; if it 
is diminished, P is too far from the lens. 

(4) Move Pup or down until 
thereis no parallax between the tip 
of the pin P and its image P' as 
shown in fig l. That the parallax 
has been avoided is confirmed if by 
slightly moving the eye to and fro, 
the pin and itsimage move together 
and do not get separated. As 
long as there is parallax, the two 
will not move together, but get 
separated when viewed in a to-and- 
fro manner. Having adjusted the 
position of the pin P, in the above- 

Fig. 1 mentioned way, the tip of the pin 
may be said to have occupied the focus of the lens. 

(5) Measure, with the help of a metre scale, the distance between 
the tip of the pin P and the centre O of the upper surface of the lens 
(OP=x). Also measure the distance of the tip of the pin from the 
surface of the plane mirror М (MP’=x.). Find the focal length (f) 
of the lens using eqn (ii) mentioned in the theory. 

А (6) Repeat the setting of the no-parallax position having pre-- 
viously moved P downwards and upwards out of adjustment several 
times. Find from these readings, the mean focal length of the lens. 

(7) Find the radii of curvature (r, and r;) of the two surfaces of 
the lens by a spherometer following the procedure described in the 
expt no. 1:1. 


Measurements : (a) Focal length of the convex lens : 


аа 


Distance of the tip of the pin Р 
(cm) 


From the upper | From the plane 
surface of the mirror М (ха) 
lens (x) 


ES 
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b) Radii of curvature of the lens by spherometer : 


The value of one small division of the linear scale=...mm 
Total no. of divisions in the circular scale (№) =... 
Screw pitch —... mm 
Least count (L.C.) в =. 
(i) Mean length of the three legs of the spherometer : 
(i) ..cm (ii) ..cm (iii) ..cm. Mean length (4)—. .cm. 


_Table for measurement of h 


mm=...cm. 


Мо. | Sur- Circular Circular scale reading Total Value 
of face of | scale when the central screw circular | of hin | of hin 
obs | the reading touches the glass plate scale circular | cm 


when 
the 
screw 
touches 
the lens 
surface 


lens 


—-| reading 
Final Addl. (т=п 
circular | no of XN 
‚| scale circular | +n’) 
reading | scale 

(р) division 


scale (т—р) 
(m—p) | ХЕС. 


(р) rotates 
=e (п) КЕ | Ne 
1, (100— 3x 100 318 x 
82)425 | +43 L.C. 
=43 =343 =..cm 
2. E 
3; on 
(hy) 
1. le 
2. Se 
3. (ha) 


Mean h,=.. and mean h,=.. 
Calculations : 


[А ст: 5 ст 
d? Ва 
r=— +=. 
6h, 2 
Filg 
E = 
£ ‘Retro 


у E Е 

Remarks: (1) It is essential that parallax be avoided while 
measuring the focal length bya pin. (2) While the radii of curvature 
are measured by a spherometer, the central screw should always be 
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rotated in the same direction to avoid back-lash error. (3) The up 
and down motion of the pin should take place along the' axis of the 
lens. (4) From the value of the focal length, power of the lens can 


be derived from the formula о dioptre. (5) If the lens is 
Ист) 


а : r. 
еаш-солуех. п=7; ; in that case yp-l— 


2f 


Oral questions 


1. What is refractive inc2x ? On what factors does it depend ? 

Ans. Consult any stand rd text book. It depends on tlie material and colour 
ol light. 

2. Will refractive index increase if the medium is denser 7 

Ans. Noi always ; water is denser than turpentine (sp. gr of turpentine= 0:87) 
but the refractive index of water is less than that of turpentine (р of water= 1:34; 
u of turpentine = 1'47). 

3. Will the refractive index of a medium be greater for red light ог for violet 

ight ? 

Ans. Refractive index is greater fo; violet light. 

4. In measuring the focal length, why don't you take the height of the tip of. 
the pin from the upper spherical surface of thc lens ? 

Ans. Focal length is the distance Fetween the tip of the pin and the optical 
centre of the lens which is situated insic the material of the lens and equi-distant 
from the surfaces for an equi-convex lens. So, if the distance between the tip of the 
pin and the upper surface of thelens be taken as the focal length, the measured 
value will be slightly less than the correct focal Jength. 

5. Can you perform the same experiment with a concave lens ? 


Ans. Мо; а concave lens produces а virtual image and not real image. 


3.2. Determination of the refractive index of a liquid by a convex lens 
and a plane mirror : 
Apparatus: Same as in the expt no. 3.1. 


If, on a plane mirror kept on a horizontal plane, a few 
poured and on the liquid an equi-convex lens is 
d sandwiched between the plane mirror and the 
liquid lens [Fig 2]. The convex lens 
then form a combination of 


Theory : 
drops of a liquid are 
piaced, then the liqui 
jens will form а plano-concave 
and the liquid lens, remaining in contact, 
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converging system. If F be the focal léngth of the combined lens, f, 
and f, those of the glass lens and the liquid lens respectively, then, 


| TI 


ica Gul 
1 OF-f 
ick и; 


If р ђе the refractive index of the 


E 1 1 
i = =(џи—ђ= 
liquid, tien. s (u 3 


ог Tn ao: (ii) where r is 
fa 
the radius of curvature of the lower Fig.2 


surface of the lens which is in contact with the liquid. 
2 
Also rao + А .. (iii), where d=mean length of the three arms 


of the equilateral triangle formed by the tripod stand of a spherometer 
and h=displacement of the central screw-tip when it touches consecu- 
tively the lower surface of the lens and a plane surface. 


Experimental procedure: (1) Place the plane mirror M on a 
horizontal surface and put the convex lens L on the plane mirror. 
Following the procedure described in expt no. 3.1 find the position Р, 
of the tip of the pin when it coincides with its image avoiding parallax 
aad hence determine the focal length (ј) of the convex lens. 


(2) Removing the convex lens, pour a few drops of the liquid 
under test (say, water) on the mirror and then place the convex lens 
over the liquid. The liquid will form a plano-concave lens. The 
focal length of the combination formed by the glass convex lens 
and the liquid plano-concave lens in contact, is to be found out 
next. 


For this purpose raise the pin higher to a position as P, [Fig 2]. 
With the eye at least 25 cm above Pz, look for the inverted image of Py. 
Move the pin up and down until there is no parallax between the tip 
of the pin and Из image. Let P, be the position of the pin when there 
is no parallax between its tip and Из image. With the help of a metre 
scale, find the distance of P; from the upper surface of the lens (у) 
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and also from the plane mirror М (уз). Find thé focal length of the 
combined lens [F—1(y--y;)]. 

(3) Repeat the procedure no. 2, at least, twice after disturbing 
the no-parallax position of the pin and from these observations, find 
the mean value of F. Now find the value of f, after substituting the 
values of'F and f, in eqn (i) mentioned in the theory. 


(4) Clean the surface of the lens L which was in contact with the 
liquid. Find the radius of curvature (r) ofthis surface with the help of a 
spherometer from eqn (iii) of the theory. Repeat the observations 
Serveral times and getthe mean value ofr. Then apply the formula 
Gi) of the theory and find the value of p. 


Measurements : (a) Focal length (ју) of the convex lens : 


Distance of the tip of the pin P, 


(cm) 
Л=Жх+х)| Mean 
From the upper | From the plane (cm) f 
surface of the mirror (ха) (cm) 


lens (x) 


(b) Focal length (F) of the combined lens : 


Distance of the tip Р, of the pin 
(cm) 


From the plane. 
mirror (уз) 


From the upper 
surface of the 


lens (у) 
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(с) Radius of curvature (г) of the spherical surface by spherometer : 


Value of the smallest division of the main scale—.. ‚тт 
Screw-pitch=...mm. 


Total number of circular scale divisions (М)=... 


Least count (по) ЕН pitched] 


Circular scale reading | Total 


Circular 


Value 
of scale when the central screw circular | of hin | of 4 in 
obs reading touches the glass plate scale | circular | cm 

when | |— — reading | scale (m—p) 
the Final Addl. (т=п |(m—p) | xL.C. 


Screw 
touches 
the lens 
surface 


(p) 


circular | no of xN 
scale circular | +n’) 
reading | scale 
(29 division 
Totates 


(п) 


(4) Mean length between the three legs of the tripod: 


(i) ..ст (ii) ..ст (iii) ..cm 
Mean distance (4)=. .cm. 


Calculations : 


(a) fo „ст (b) ЕЕ ст 
(0) р=1+5 = 
~ Л 


Remarks: Аз ір expt по. 3:1. 


Ога! questions 


1. In which case is the above experiment suitable ? 


Ans. The above experiment is suitable in the case when the liquid is available 
in a small quantity, say a few drops. 


2. What are the other methods for determining the refractive index of a liquid? 


Ans. There are many other methods—like travelling microscope method, 
total reflection method, hollow prism method etc. 
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3. What type of lens does liquid form in the above experiment ? Is the lens 
converging or diverging ? 

Ans. It forms plano—concavelens. It is a diverging lens. 

4. Is the combined lens converging or diverging ? 

Ans. The combined lens is converging. 

5. Can you find out the refractive index of the liquid by. the above experiment 
without taking the help of a spherometer ? 

Ans. Yes ; using a liquid of known refractive index ; we have for the known 


liquid џ'=1- Z and for the unknown liquid н=1+^ ; Hence nob f; 


fi’ 795 pol A 


3.3. Determination of the refractive index of a liquid by travelling 
microscope : 


Apparatus : A travelling microscope, liquid (water or kerosene 
oil), a glass beaker (with a black scratch on the inside surface of the 
bottom), cork or lycopodium 
powder etc. 


Description of the microscope : 
See page 20. 


Theory: If an object Рђе 
immersed in a liquid and if it is 
viewed from air vertically above, 
the object appears to be raised. 
The image of P seems to be 
situated at Р’. The apparent 
displacement of the image depends 
on the real depth of the object in 
the liquid. Here, the refractive 
Fig. 3 index of the liquid is given by, 


. real depth of the object - aE [Eig 3] 
Apparent ,, „ „ » ВР 
[58 smir : Now, sin i=sin / PAN’=sin / APB and sin r=sin / DAN 
д sinr 
—sin / P'AN'—sin / AP'B 
1_ sin/ APB АВ|АВ_ AP’ 
"и sinZAP’B АРЈАР AP 


5. 
H 
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If A and B are very close to each other (ке. for vertical view) AP'— BP’ and 
BP 
=] 
Experimental procedure: (1) Determine the vernier constant of 
the vertical scale of the microscope and focus the eye-piece distinctly 
on the cross-wires. 


АР=ВР. 


(2) Place a spirit level along the line joining the two levelling 
Screws L, and L, (Fig 3,page 20) at the ends of the linear scale. Bring the ` 
bubble of the spirit level at the centre by turning the screws L, and L, 
equally in the opposite direction. Now place the spirit level at right 
angles to the previous line. Turn the third levelling screw L, and 
bring the bubble of the spirit level at the centre. The instrument is 
now properly levelled. Now set the axis of the microscope vertical. 

(3) Raise the microscope to a certain height and clamp it. Just 
vertically below the objective of the microscope M, put a piece of 
white paper on the platform of the instrument and on the paper keep 
a glass beaker (A) [Fig 4]. Bring down the microscope slowly until the 
Scratch P on the bottom of the beaker is clearly visible through the 


0) (ii) (iii) 
Fig. 4 


microscope [Fig 4 (i)]. Fix the microscope by its fixing screw and slowly 
Move the microscope up and down by the tangent screw till the Scratch 
is well focussed. In the final adjustment, there should not be any 
parallax between the image of the scratch and the image of the cross- 
Wires. Read the vertical main scale and its vernier. Repeat the 
observation twice and find the mean reading. Let the reading be x 
[Fig 4). 

(4) Again raise the microscope and clamp it at a sufficient height. 
Without changing the position of the beaker, Pour slowly some of the 
liquid under test so that the beaker is 2rd full. If viewed through the 
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liquid, the image of the scratch P will appear to be be raised. Let P’ 
be the image of P. Now slowly bring down the microscope and 
Sharply focus the image P’without any parallax. After fixing the 
microscope by the fixing screw, read the position from the vertical 
scale and the vernier. Repeat the focussing process, 21 least, twice and 
get the mean reading. Let the reading be у [Fig 4(ii)]. 

(5) Again raise the microscope and clamp it at a sufficient height. 
Nowthe upper surface of the liquid is to be focussed. Forthis purpose, 
sprinkle some lycop.dium powder or cork dust (a very thin layer) on 
the surface of the iiquid. Slowly bring down the microscope and 
focus the powder sharply. Through the microscopes, the grains will 
appear magnified and shining. Read the position of the microscope 
from the main scale and the vernier. Repeat the focussing process of 
the powder and find the mean reading. Let the reading be z [Fig 
4 (iii)]. 

(6) Here, the real depth of the scratch=BP=z—x and the appa- 
rent depth—z— y. From this find the refractive index of the liquid. 

(7) Repeat the whole procedure twice more by taking two other 
depths of liquid in the beaker. From the three values of refractive 
index so obtained, find the mean value. 

{For measurements and Table, see page 124] 

Calculations : 

1. BP=z—x=..cm 


ВР'=г om 


z—x 
BP'=z—y=..cm и 
3. ВР=2—х=, ст 
‚ 2-х 
BP'—z—y-..om H = 


Mean pee 


Remarks: (1) While focussing the scratch or the lycopodium 
Powder, it is essential that the parallax error be avoided. (2) A 
piece of white paper kept below the beaker will help. the focussing 
process. (3) Lycopodium powder should be sprinkled thinly. 
(4) If the depth of the liquid exceeds the focal length of the micro- 
Scope, focussing will not be possible. Е 
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Oral questions 


1. Whiat is the refractive index of a liquid? Does it depend on the colour of 
light ? 

Ans. Consult any text book. Refractive index depends on the colour of 
iight. 

2. What is the necessity of a scratch at the bottom of the beaker ? 

Ans. To get the rcal depth and the apparent depth of the liquid, the bottom 
of the beaker has to be focussed. As glass is transparent, the bottom as such 
can not be focussed. For this reason, a scratch is given at the bottom. 

3. Should the depth of the liquid be greater or less ? 


Ans. Depth should be as great as possible. Apparent elevation of the object 
is proportional to the depth of the liquid. Greater the depth, greater is the elevation 
and less is the error in measuring it. If the depth of the liquid be, however, greater 
than the focal length of the microscope, focussing will not be possible. 


4. Why should the lycopodium powder be sprinkled in a thin layer ? 

Ans. If the layer be thick, the level of liquid will not be focussed 

5. Can you determine the refractive index of a solid material by a travelling 
microscope ? 


Ans. If the solid material is available in a rectangular block form, its refactive 
index can be found out by a travelling microscope by the same process. 

6. Is it proper to measure the refractive index of a volatile liquid like ether 
by the microscope method ? 

Ans. No, if the liquid is volatile, it will evaporate quickly and the depth of 
the liquid will change during the experiment. 


7. What 5 the advantage of keeping a piece of white paper below the beaker 
in this experiment ? 


Ans, White paper will produce a white background against which the black 
scratch will be clearly visible. Focussing in that case will be accurate. 


8. Will the refractive index vary if different depths of the liquid are taken 7 
Ans. No ; refractive index depends оп the material and not on’ the depth of 
the liquid. 


3:4. Optical bench : 

In several experiments on optics, optical bench will be necessary. 
It is, therefore, desirable that students should get acquainted with an 
optical bench at the very outset. 

Fig. 5 shows an optical bench widely used in laboratories, It 
consists of a horizontal metallic bench about 2 metres іп length. The 
bench is placed on four cast iron legs which are provided with levelling 
screws. A metre scale is engraved along the length of the bench. 
There are several carriages having rectangular metallic bases. The 


e 
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There is an index mark (4) in each base, which gives the position of 
the object or the léns or the screen against the scale of the bench. For 


LIU io o 8 5 b qp 
CY 
Te 


Fig. 5 


*xample, the object position on the bench is 20 cm while the Screen 
positionis 112 cm IFig.5]. The heights of the object, thelens and the 
Screen аге adjustable. The object stand has a small hole with two cross- 
fibres of silk or is covered with a piece of thin wire-gauage behind which 
a suitable lamp is arranged to illuminate it. The screen-stand has a 
Piece of white paper pasted over it. The image of the silk-fibres or 
the wire-gauge is focussed on the paper screen by a lens placed between 
the two. 


3.5. Index error and its correction : 


While determining the focal length of a lens or a mirror by an 
optical bench, we measure the object distance and the image distance 
with the aid of the index mark. But the index-marks on the bases of 
the carriages carrying the object; the lens and the screen may not 
Coincide with the exact positions of the object and the Screen or the 
optical centre of the lens. Here measurement of object distance or 
image distance with the aid of index marks are liable to certain errors, 
called the index error. The error may be corrected in the following way. 

Suppose we want to find out the index error between the lens (ог. 
Mirror) and the screen i.e. for image distance. To do this, we are.to 
take the help of an index rod. It is usually a rod of brass about 20 cm 
long with two pointed ends. Find the exact length of the rod by 
means of a metre scale . Suppose the length is y ; Place the rod hori- 


ЕЈ 
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zontally on asuitable carriage between the lens and the screen. Now 
move the lens (or the mirror) towards right so that one pointed end 


Fig. 6 


of the index rod just touches the lens (or the mirror) [Fig. 6]. Similarly 
move the screen towards left until the other pointed end of the index 
rod touches the screen. Here, actual distance between the lens (or 
the mirror) and the screen=y. 

Now, find, in this position, the distance between the lens (or the 
mirror) and the screen as given by the index marks. Let the distance 
be x. Here, the index error between the lens (or the mirror) and the 
screen=y—x. 

If y>- x, the difference (y— x) isto be added to the apparent distance 
x shown by the index marks to get the correct value. If y<x, the 
difference (x— y) is to be subtracted from the apparent distance x to 
get the correct values. If y—x, there is no error. Ў 

In the same way, the object distance is to be corrected Гог index- 
error. It is needless to mention that once the error is determined for 
the object distance or for the image distance, it remains constant for 
subsequent observations unless the position of the index mark on the 
bases is altered. Determination of error in each observation is 
therefore, not necessary. \ 


3:6. Determination of the focal length of а concave mirror by graphical 
method : 

Apparatus: А. concave mirror, optical bench, three vertical 
carriages or stands (with screw arrangement), index rod. two brass 


pins etc. 
` Theory: If a beam of parallel rays, parallel to the axis of a 


concave mirror, be incident on the mirror, then after reflection, the 
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rays are found to converge at a point on the axis of the mirror: The, 
point is called the focus of the mirror and its distance from the pole of 
the-mirror is called its focal length. · 


If и be the object distance and v, the image distance in the case of 


а concave mirror, then its focal length f is given by i 5=7 ; this 
equation shows that u—v graph is a rectangular hyperbola. If a line 
is drawn inclined at 45° to the either axes, then co-ordinates of the 
intersection point of the line with the graph will be twice the focal 
length of the concave mirror. у 

Experimental procedure: (1) Fix the сопсауе mirror М to a 
vertical carriage and place it at one end of the optical bench [Fig 7] 


Fig. 7 


Fix two pins P and Q to similar carriages and place them on the optical 
bench in front of the mirror. Adjust the heights of the pins such that 
their pointed ends lie on.a straight line with the pole of the concave 
mirror M and that the straight line coincides with the axis of the 
mirror, which is again parallel to the length of the optical bench. 

(2) Place the pin P, the object-pin (because it will act as an object) 
from the concave mirror at such a distance away that looking through 
the mirror, as shown in the figure, an inverted and magnified image 
О' is visible (the image should not be too much magnified). Now 
bring the pin Q, the image pin (because it will act as an image) just 
below the magnified image so that their tips О and Q coincide 
without any parallax between them. If the eye is moved right and 
: left a little, the two tips will also- move likewise together, if there is 
no parallax. If there is parallax, the two tips will be Separated from 
each other. Having thus adjusted the position of the pin Q, read 
its position on the scale with the aid of its index-mark. 


D.P.P.—9 
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(3) Without disturbing the positions of the concave mirror and 
the object pin P, repeat the above observation, at least, thrice and find 
the mean value of the position of the pin О. With the aid of respective 
index-marks, note the positions of the mirror M and the pin P. 

(4) The difference of the readings corresponding to the mirror 
and the object pin P gives the apparent object distance (u^) and the 
difference of the readings corresponding to the mirror and the image 
pin О gives the apparent image distance (v^). These distances are 
called apparent because they need correction for index-error. 


(5) Observations no. (2), (3) and (4) are to be repeated for six 
different positions of the object-pin P. Of these, in three positions, 
the pin P should be situated between the mirror Мапа the image pin 
О when the image will.be magnified and in other three positions, the 
image-pin Q should be situated between the mirror and the object-pin 
P when the image will be reduced. For each position of the object pin, 
the position of the image pin Q should be found out thrice and from 
these the mean value should be found out. 

(6) Now index errors for the object distance and the image distance 
are to be found out. Find the length of the index rod ( y) supplied 
by a metre scale. Remove the pins P and Q from the optical bench. 
Hold the index rod parallel to the length of the optical bench by 
suitable stand. Bring left pointed end of the index-rod in contact 
with the pole of the mirror M. Now place the object pin P on the 
optical bench and bring it near the index-rod so that the right pointed 
end of the rod comes in contact with the tip of the pin P. In this 
condition, find the.distance between the mirror and the pin P with the. 
aid of their index-marks and the bench scale (ху). The index-error 
in the case of object distance is e, —y —x, [If у> ху, their difference is 
to be added to the apparent object distance (u^) ; if y —x, their difference 
is to be subtracted from the apparent object distance (u^)]. 

Now put the image ріп О in place of the object pin. See that its 
tip touches the right pointed end of the index-rod. Measure the distance 
between the mirror and the image pin Q with the help of their index 
marks and the bench scale (х). The index error in the case of image 
distance is е, = у—х, [If y xa, their difference should be added to the 
apparent image distance (v') and if усх,, their difference is to be 
subtracted from the apparent image distance (v )]. 

(7) Adding or subtracting the index-error as the case may be, 
the apparent object distance and the apparent image distance in each 
observation are to be corrected and the correct values of object distance 
(и) and the image distance (v) are to be found out. 
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(8) Plotting the vajues of u along X-axis and those of v along 


“Y-axis, a graph is to 
be drawn. Care should 
be taken so that the 
scales along the two 
axes are equal and the 
origin coincides with 


the same value of и and 


v [not necessarily (0,0) 
value]. The graph will 
be a rectangular hy- 
perbola [Fig 7(a)]. 
Draw a line through 
the origin making an 
angle of 45° with X- 
axis. Find the co- 
ordinates of P, the 
intersection point. 
Half of either co- 


50 


5 4 
15 20 50 40 50 
~> И (ст) 


Fig. 7 (а) 


ordinates of Р gives the focal length of the concave mirror. 


Measurements : For tables (a) and (5), See Page 132 
(c) Table for graph [data taken from table (5)] : 


Corrected object 
distance (и) 


Corrected image 
distance (2)—> 


From the graph, the focal length of the concave mirror = 


15:5 cm (as an illustration) 
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Alternative graphs : Instead of drawing graph between u—v as 


described earlier, two alter- 
native methods may be 
adopted. From each of these 
two methods the focal length 
ofthe concave mirtor may 
be found ош: 

First method : Instead 
of plotting the values of u 
and v along X-axis and 
Y-axis respectively, their 


н чт T 1 
reciprocals ie. - and = are 
u v 


to be plotted. The scales 
along the two axes must be 
equal and the origin should 


coincide with (0,0) values. 


(Fig 7(6)). 


(0,0) 01 02 03 ‘04 '05 “06 
—— 


Fig. 7 (b) 


The graph will be a straight line 


Table for drawing the graph : [data obtained from the table (5)] 


Еее PHI 


сав аи еј лаје 


The intercept made by the straight line on X-axis or Y-axis [0.06 
in Fig 7(6)] is equal to the reciprocal of the focal length of the mirror. 


From the graph, we get 2-006 cm or = 5166 ст (аѕ ап 


illustration). . 


Second method: In this method, scales along the two axes аге 
taken equal and zero of each scale should start from the origin. Then, 


‚ Values of и taken from the table (c) are all plotted along the X-axis, 


Afterwards, the values of v taken from the same table are all plotted 
along the Y-axis. Now, first pair of points (60, 30, say) are joined by 
a straight line [Fig. 7(c)]. Similarly other pair of points are joined 
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by drawing straightlines one after another. АН the straight lines so 
drawn willbe found to intersect at one point. P is the intersection 
point [Fig 7(c)]. 

From the graph, the co- 
ordinates of P аге (20, 20). So, 
the focal length of the mirror 
=20 cm (as an illustration). 

[N.B. Due to experimental -error, 
all the straight lines may not pass 
through one point. In such cases, a 
line is to be drawn making an angle 
P of 45° with the X-axis. The point 
lying on this line may be taken as 


the common intersection point and 

the co-ordinates of this point will 

give the focal length of the mirror.] 
© О, © с) 


0 10 20 30 40 50 6 Remarks : (1) In adjusting 
—= (ет) the position of the image-pin, 
parallax error must be avoided. 
Fig. 7 (©) (2) Correct value of fisobtained 

when u=v. Hence the position. of the object point should be so adjus 


ted that the image is neither too magnified nor too reduced. If r be 
the radius of curvature of the mirror, the object distance should be 

either slightly greater than or slightly lessthan r. (3) Ifthe aperture of” 
the mirror is large, the image suffers from spherical aberration. 

It is very difficult to avoid parallax in suchcases. (4) To avoid 

parallax, eye should be placed more than 20 cm away from the image 

pin. (5) In drawing a graph, the two axes should have same scale. 


Oral questions 


1. Define the following terms in relation to a concave mirror :— (i) focus 
(ii) radius of curvature (iii) aperture (iv) focal length. 

Ans, Consult any text book on optics. 

2. What type of image does a concave mirror form ? 

Ans. Concave mirror forms real, virtual, magnified and reduced i.e. all kinds 


of images. у 
3, Where should you place the object pin so as.to produce ап image equal 
in size to the object ? t 
Ans. The object pin should be placed at the centre of curvature of the mirror, 
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4. How can you distinguish a concave mirror from a convex mirror or a 
plane mirror ? " 

Ans. If placing а finger near the mirror, an inverted and magnified image is 
seen, the mirror is concave. If, on the other hand, the image is reduced, the mirror 
is convex and if the image is equal to the object in size, the mirror is plane. 

5. Should you take a mirror of large aparture 7, 

Ans. No; a mirror of large aperture brings in spherical aberration in the 
image. 

6. What is the necessity of determining the index-error ? 

Ans. The index-mark given at the base of the stand carrying the concave 
mirror may not be concident with the pole of the mirror. In the same way, the 
index-marks of the object pin and the image pin may not coincide with the tips of 
these pins. So, in measuring the distance between the pole of the mirror and the 
object or the image if we depend only on the index-marks, some error will creep in. 
This is index-error. To get the correct value of u and v, the index-error need be 
measured. . 

7. Ofall the possible values of и and v, which one will give correct value of 7 

Ans. Correct value of f will be obtained when u— v. 

8. Can you find out the focal length of a concave mirror by the above experi- 
ment without drawing or graph ? 


Ans. Yes; By applying the formula, s 1 


==; the focal length for each 
ux f 
observation [See table below] is to be found out and then the mean focal length is to 
be determined. The table should be drawn in the following way : 


Focal length of the mirror [data obtained from table (5)] 


No. of Correct Correct |, uv Mean 
Obs. u v — ue f (cm) 
ЈЕ 
2. ag 5 
etc. etc. etc. etc. 
6. 
[N.B. In the above case, don't take the mean value of и and the mean value 
of » and then find the value of f from the formula f= 25, This. is erroneous. 
ч v 


Each observation is independent and complete. Find f from each observation and 
then get the mean value of f.] 
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3-7. Determination of the focal length of a concave mirror without the 
help of an optical bench : і 

Apparatus: А concave mirror, three vertical stands with screw 
arrangement, metre scale, two pointed pins etc. 


Theory: Same аз in expt 3:6. 


Experimental procedure : (1) Fix the concave mirror ina vertical 
stand and put it at the end of a horizontal table [Fig 8]. Fix two 
pins Р and О in similar stands and put them in a line in front of the 


Fig. 8 


mirror on the table. Adjust the heights of the pins and the mirror 
such that the tips of the pins P and О, are in the same straight line with 
the pole M of the concave mirror and the straight line is parallel to the 
horizontal plane of the table. 


(2) Proceed as described in operation no. 2 in the previous 
experiment. Having adjusted the position of the image-pin Q, find 
the distance between the pole M of the mirror and the tip Q of the pin 
with the help of a metre-scale held horizontally. This gives the image 
distance (v). ; 

(3) Proceed as described in operation no. 3 in the previous 
experiment. Measure the distance between the pole M of the mirror 

/and the tip of the object pin P by the metre scale. This gives the 
object distance (и). 

(4) Repeat the above operations for six different positions of the 
object pin P. For three positions, the pin P should be placed between 
the mirror and the pin Q (the image is magnified) while for the other 
three positions, the pin Q should be placed between the mirror and the 
object pin P (the image is reduced). 
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"Measurements : (а) object distance (и) and image distance @): 


Distance from the pole M of the | Mean 
No. of mirror (cm) v 
Obs. - 
of the object | of the image (cm) 
pin P (и) pin Q (9) 
1. | 
2. 
3: 
etc. 
6. 


Quantity 
Object distance 
(и) in cm 


Image distance 
(v) in cm> 


Methods of drawing graph : Same as before. 
Result : Focal length of the concave mirror f=. „ст. 


(1) In this method, index error need not be found 
out because distances have not been measured with reference to the 
index mark. (2) While adjusting the position of the image pin for no 
parallax, M, P and Q are very likely to move away from the axis of the 
mirror. Hence, the result obtained from this method is less accurate 
than that obtained from optical bench method. 


Remarks : 
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3.8. Determination of the focal length of a concave lens by combination 
method : 

Apparatus : Optical bench, a convex lens, a concave lens, stands, 
a paper screen, illuminated wire-gauge, index rod etc. 

Theory: A converging lens of shorter focal length (fı) and а 
diverging lens of longer focal length (f;) in contact with each other 
form a combination which is converging in nature. If F be the focal 
length of the combined lens, then, 

t [1 ПЛ F. f З 
uc nie ГЛ у SP ea © 
Again, for a fixed object and a fixed screen, there are, in general, two 
positions of a convex lens between them, for each of which a sharp: 
image of the object is cast on the screen by the lens, provided the distance 
between the object and the screen is more than four times the focal 
length of the lens. If D be the distance between the fixed object and 
the fixed screen and x that between the two positions of the lens, it 
may be proved that, 
—x? 2 T 
D Bt oy (60) 
where f=focal length of the lens. 

Experimental procedure : (1) Fix a wire-gauge P in a stand and 
place it near one end of an optical bench. Place an electric bulb 
behind the wire-gauge and wrap the bulb with a piece of white tissue 


Fig. 9 


paper. The illuminated wire-gauge will serve the purpose of an 
object. Attach a piece of white paper Q in another stand and place 
it on the optical bench at sufficient distance apart from the wire-gauge. 
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In between P and О place the convex lens L, held in suitable lens 
holder.* 

(2) The heights of the wire-gauge, the paper screen and the lens 
are so adjusted that their centres lie on a straight line parallel to the 
length of the optical bench (Fig 9). 

(3) Place the paper screen О at such a distance from the lens that 
а sharp image of the wire-gauge P is formed on the paper screen. In 
this condition the distance between the object (i.e., the wire-gauge) and 
the image (i.e., the paper screen) may be taken, in the least, to be equal 
to four times the focal length of the lens. Now push the screen a little 
away to ensure that the distance between the object and the screen is 
more than four times the focal length of the convex lens. Note the 
positions of the object P and the screen Q with the aid of the index- 

. marks against (ће, scale of the bench. The difference of these two 
readings gives the apparent distance (D^) between the object and the 
screen. 

(4) Keeping the object (P) and the screen (0) fixed in their posi- 
tions, move the lens backward or forward along the bench until a 
sharp and magnified image of the cross-wires is formed on the paper 
screen. Suppose L, is the required position of the lens. Note its 
position with the help of the index-mark on its base and the scale of the 
bench. Repeat this adjustment twice and get the mean reading. This 
gives the first position of the lens. 

(5) Now move the lens towards the screen. Adjust its position 
by shifting it to and fro along the bench so that a sharp image of the 
cross-wire is again formed on the screen. This image will be dimi- 
nished. From the scale of the bench, note the position of the lens L;. 
Repeat the adjustment twice and find the mean position. This gives 


the second position of the lens. 


*There is a convenient arrangement 
[Fig. 9(а)] for holding the convex lens 
aloneas well as the combination of а 
convex and a concave lens in contact. It 
consists of a circular frame at the centre 
of a circular metallic disc. The convex 
lens is fittedin the circular frame while the 
concave lens is fitted іп another similar 
circular frame which ishinged by the side 
of the convex lens. Like a window, the 
concave Jens can be turned aside, leaving 
only the convex lens open to light ; 
again it can be put in contact with the 
convex lens whenever required. Fig. 9(a). 


Concave lens Convex lens 
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(6) Find the difference of the two readings corresponding to the 
two positions of thelens. Itis x. 


(7) Repeat the operations no. (3), (4) and (5) at least twice by 
-changing the positions of the screen О and the object P by 3 or 4 cm. 

(8) Now index error is to be determined. Remove the lens from 
the optical bench. Find the length of the index-rod by a metre scale. 
Let it be y,. Hold the index rod in a horizontal position on a suitable 
stand on the optical bench. Touch the left pointed end of the index rod 
with the wire gange. Now shift the paper screen Q towards the index 
rod so that the paper screen can just touch the right pointed end of the 
index rod. In this position, find the distance between the object and 
the screen from the index marks and the bench scale. Let it be ys 3 
then the index error e=y,—y, [If y;—ys, their difference is to be 
-added to D' to get the corrcet value. ; if yı<ya their difference is to 
be subtracted from D’ to get the correct value.] у 
_ (9) Taking the correct value of D (ie. D=D'+e) for each 
observation and the value of x, find the focai length / of the convex 
lens with the help of eqn (ii) of the theory. 

(10) Removing the index rod from the optical bench, replace the 
conyex lens between the object and the screen. Now put the concave 
lens in contact with the convex lens. They will form a converging 

‘combination. Following the displacement method described earlier, 
find the focal length F of the combined lens. 

(11) Substituting the values of f; and F in equation (i) of the 
theory, find the focal length f; of the concave lens. ' 


Measurements : (a) Index error between the object and the screen 


Position of the index mark Dist. between 
of Pand Q 
Length of the according to | Index error 
index rod the object P the screen Q index mark 
Ол=ам~ђ) 
Ov (а) (5) 
21-2 cm. 20 cm. 40:0 cm. 20:0 cm. 
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Е.Х 
F-f, 

Remarks: (1) To get real images in two Positions of the lens, 
the distance between the fixed object and the fixed screen should be 
equal to or greater than four times the focal length ofthelens. (2) То 
minimise the error in the determination of the focal length, the displace- 
ment of the lens (x) should Ђе as small as possible. Hence, the magni- 
tude of D isto be so adjusted as to make x as small as Possible. (3) As 
x changes appreciably due to a small change in D, D should be Changed 
by instalments of сш or 3cm. (4) Theindex error in lens displace- 
ment is automatically removed ; hence it need not be determined 
separately. (5) From the focal length of the concave lens, its power 


Calculations : f,— 


сап be calculated from the formula P— dioptre. 


Oral questions 


1. What is focal length of a lens ? Is the focal length of a concave lens 
Positive or negative ? 

Ans. Consult any text book of Optics. Focal length of a concave lens is 
teckoned as positive: 

2. Why don’t we adopt the usual u—v method for determining the focal 
length of a concave lens 77 

Ans. А concave lens produces a virtual image which can not be cast опа 
screen. So, u—v method is not applicable in the case of a concave lens. 

3. What should be the focal length of the convex lens in this experiment 2 

Ans. The focal length of the convex lens should be smaller than that of the 
concave lens. In that case, the combined lens will behave like a converging system 
and will form a real image on a screen. 

4. What- is the harm if D is too large ог too small 7 

Ans. If D is too large, x will be large and the error in determining the value 
of f will increase. If D is too small, two positions of convex lens will'not be avail- 
able and the method can not be applied. 

5. What should be the best value of D ? 

Ans. The best value of D is a little more than four times the focal length of 
the convex lens, 

6. Why don't you require to find the index error in reading the positions of 
the convex lens ? 

Ans. Index error remains the same in the two positions of the lens and in 
finding the difference between the readings of the two positions, the index error 
becomes automatically eliminated. Hence index error is not required in reading 
the positions of the convex lens. 
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7. What are the sizes of the image in the two positions of the lens 7 

Ans. When the convex lens is nearer to the object at Z;, the image is magnified. 
When the convex lens is nearer to the screen at Га, the image is diminished. 

8. Can you determine the size of the object from the sizes of the above two 
images ? 

Ans. Yes ; If the sizes of the images be 1, and 1, and О. the size of the object, 
then O?— 1,4, or, O—4/ 1.15. 

9. Can you find out the power of the concave lens from this experiment ? 
What is the unit of power ? 


Ans. Yes; Knowing f, we can find its power from the formula P— zo 
1 


dioptre. Unit of power is dioptre. It is the power of a lens whose focal length 
is 1 metre or 100 cm. 
10. What is the minimum distance between an object and its real image formed. 


by a convex lens ? 
Ans. The minimum distance is four times the focal length of the lens. 


3.9. Determination of the power of a convex lens by displacement 
method : 
| Apparatus: An. optical bench, а convex lens, stands, paper 
screen, illuminated wire-gauge, index rod etc. 

Theory: For a fixed object and a fixed screen, there are, 
in general, two positions of a convex lens in between them, for each of 
which a sharp image of the object is formed by the lens on the screen. 
If D be the distance between the object and the screen and x the dis- 

р? —х? 


4р 
1 
Now, if Р dioptre be the power of the lens, then oT where 


placement of the lens, then f— 


fis expressed in centimetre. 

Experimental procedure: (1) Fix a wire-gauge in a stand and 
put it near one end of the optical bench (Fig 9). Place an electric bulb 
behind the wire-gauge and wrap it up with white tissue paper. The 
illuminated wire-gauge will serve the purpose of an object. Fit the 
paper screenin another stand and place it on the optical bench suffi- 
ciently away from the wire-gauge. Fix the convex lens Lin a suitable 
lens holder and place the lens in between the wire-gauge atid the paper 
screen. 

(2) Adjust the heights of the wire-gauge, the lens and the paper- 
screen such that their centres Не on a straight line parallel to the length 
of the optical bench. ` 


Е E 
пасивна tr 


= 
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(3) Place the paper screen at such a distance from the lens that a 
Sharp image of the wire-gauge is formed on the screen. In this condi- 
tion, the distance between the wire-gauge (the object) and the paper 
Screen (the image) is, at least, four times the focallength of the lens. 
Now shift the paper screen a little towards left So that the above distance 
is more than 4f, where f is the focal length of the lens. Note the 
positions of the object P and the screen О with the help of their index 
marks and the bench scale. The difference of these two readings gives 
the apparent distance (D") between the object and the screen. This 
distance needs correction for index error. 

(4) Without changing the positions of the object and the Screen, 
change the position of the lens (keeping it nearer to the Object) until a 
Sharp and magnified image of the cross-wire is formed on the screen. 
Suppose L, is the position of thelens. Read this position of the lens 
with the help of its index mark. Repeat the observation twice and 
find the mean value. This gives the first position of the lens. 

(5) Now take the lens nearer to the Screen. Adjust its position 
until another sharp image of the cross-wire is formed on the screen. 
This image will be diminished. Let the position be L,. Note the 
position from the bench scale with the help oftheindex mark. Repeat 
the observation twice and find the mean value. This gives the second 
position of the lens. 

(6) Find the difference between the readings corresponding to 
the two positions of thelens, This gives the value of х. 

(7) Repeat the operations по. (3), (4), (5) and (6) at least twice by 
altering the distance between the object P and the screen Qby3or4 cm. 

(8) Now index error of the distance between the object and the 
screen is to be determined. Find the length of the index rod ( yı) by a 
metre scale. Hold the index rod in a horizontal position by a suitable 
Stand. Place the stand on the optical bench and bring the left pointed 
end of the index rod in contact with the cross-wire. Now shift the 
Screen Q along the optical bench so that it just touches the right 
Pointed end of the index rod. Find the distance between the object 
and the screen with the help of their index marks. Let this distance 
be y, In this case, the index error е=уу—у;». 

Ш y,—y,, their difference is to be added with D' to get the 
Correct value of D. If, however, yi—ys, the difference is to be 
subtracted from D'] 

(9) Taking the correct value of D (D=D'+e) in each observa- 
tion and the value of x, calculate the value of f with the help of the 
equation given in the theory. Find the mean value of f and from it 
calculate the power of the lens. 


D.P.P.—10 
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(b) Index error between the object and the screen : 


Length Position of the index mark Distance between 
of the - Рапа О according Index 
index of the object | of the screen to index mark error 
rod 72 Q (y:=a~b) (е=у—у) 
Ov (a) (6) 
cm, cm. cm. cm. у ст. 


Calculations : Power Paina: .dioptre 


Remarks: (1) There is no need of determining the index error 
for the displacement of the lens vecause it is automatically eliminated. 
(2) The value of D should not be very large. (3) Displacement 
method is more reliable than w— v method in the matter of determin- 
ing the focal length of a lens. (4) The power of a convex lens is 
regarded as positive although its focal length is negative. 


Oral questions 


1. What do you mean by focal length and power ? What is the unit of power ? 
Ans. Consult any text book. The unit of power is dioptre. The power of 
a lens whose focal length is 100 ст or 1 metre is taken as 1 dioptre. 


2. What is the relation between focal length and power of a lens ? 
Ans. Power increases with the decrease of focal length and vice versa. 


3. Does focal length of a lens depend on the colour of light ? 

Ans. Yes; With the increase of wavelength (ге., towards red), the focal 
length increases and with the decrease of wave-length (йе., towards violet), the 
focal length decreases. 

4. In this experiment, you measured the index error for D but not for x. 
Why is this difference ? 

Ans, To determine x, we take the difference of the readings corresponding 
to the two positions of the lens. If there be any index error, it will be automati- 
cally eliminated while the above difference is taken. Suppose, the readings of the 
two positions of the lens are x, and x, and the index error in each position is +e. 
So, the correct readings in the two positions are x,--e and x,+e. Hence 
x=(xı+e)— (кафе) 3; а. 

5. The result obtained in this method is more reliable than that obtained from 
u—v method. Why ? 

Ans. In u—" method index correction is required for both и and ¥ while in 
the displacement method index correction is required only once for D. This is 
why the result obtained from displacement method is more reliable. 
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6. How can you get the focal length of a lens in displacement method 5» 
drawing graph ? 


dem ==®—= ог, <= Deaf. (The focal length of a convex leas 
D 


ч x 
is negative]. It resembles the equation y=mx+c. This means ~—— D graph. 
is a straight line. The intercept made by the straight line on the X-axis is —4¢ 
2 
because when ~ =0; D=—4f. 
D и 
[The questions on expt 3.8 are also applicable hey 


3.10. Determination of the focal length of a concave lens by auxiliary 
lens method : | 


Apparatus: A concave lens, 
than the power of the concave | 
lamp, an index rod, a metre scale 


a convex lens (whose power is less 


ens), ап optical bench, an electric 
etc. 


Theory : A convex lens L produces a real image P' on a screen of 


an object P. Now introduce the concave lens L' in between the 


Fig. 10. 
screen 5 and the convex lens [Fig 10]. Then the 
become less convergent. 


rays converging to Р’ 
to obtain the sharp image 


Let the screen be moved further away to S" 
Q again. Then for the con 
first image P’ behaves as a cee 


virtual object and О is its real j 
mage. 
In the present Case, both u(=O'P’)and v ( m 


=0'0) are negative. 
fr i bow 
Hence from the equation, -— - _ =; We get, 
9 и 
dig (one 1 ил) : 
А е) 
Hence, power of the Concave lens p—_ _ 100 


Тане optre. . qi) 
in 
[The power of a concave lens is regarded as us a 


3 egative]. 
Experimental procedure : (1) Place a wire-gauge p backed by 
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ап electric lamp [not shown in the fig. 10(2)] on one end of the optical 
bench. Theilluminated wire-gauge will act as an object. 


U 


Fig. 10(а). , 

(2) Mount the auxiliary convex lens L on a suitable stand and 
place it on the optical bench at a distance from P greater than the focal 
length of the convex lens. The convex lens will form a real image of the 
wire-gauge. Receive the image on a white paper-screen P’ placed at a 
suitable distance from the convex lens. Adjust the position of the 
screen P’ until the image is sharp. - The position of the screen is noted 
against the scale of the optical bench. Repeat the operation twice by 
slightly displacing the screen. Find the mean value of this position of 
the paper screen (P^). 

(3) Now, kezping the position of the convex lens Г, unchanged, 
Shift the paper screen 5 or 6 cm. away to the position Q. Note this 
position ofthe screen. Place the concave lens L’ in between the convex 
lens and the screen and adjust its position until а sharp image of the 


cross wire is formed on the screen.  Displace the concave lens a little 


and again find its position when a sharp image of the object is formed 
on the screen. Find the mean value of this position (L^). In this 
case, apparent и, —L'P' and apparent v, —L'Q. 

(4) The position of the screen is shifted twice by steps of 5 cm. or 
6 cm. and for each position of the screen, the position of the concave 
lens is adjusted independently thrice to obtain sharp image of the cross- 
wire on the screen. The mean value of each position of the concave 
lens is found out and from these apparent values of и and 9 are found 
out in each case. i 

(5) Then the index error (e) between the concave lens and the 
screen is determined with the help of an index rod in the usual way and 
the corrected object and image distances i.e., ии, +e and y—v,-ke 
-are calculated. 

(6) Substituting the values of corrected u and v in the equations 
<i) and (ii) mentioned in the theory, the focal length and the power of 
the concave lens are calculated. 
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(b) Measurement of index error : | 


Length of index rod=(i) 20 ст. (ii) 20-1 ст. (iii) 20 cm. 


Mean length y —20 cm. 
Difference between index mark 


readings when the ends of the 


index rod touch the concave lens and the screen —(95:6 — 76) =19°6 cm. 


Index correction e—20 — 19:6—0:4 cm (+). 


(c) Measurement of f : 


Мо. of | Apparent Corrected 


Remarks: (1) The focal length 
should be less than that of the concave 


not ђе large. (2) Index error is same 
image distance. 


Apparent Corrected 14 
065. Uy u=u,+e Ui v=v,+e (cm). 
1. 8 cm. 8+0:4 14 ст. 14+0.4 20:16 
` 8:4 ст. = 14.4 ст. 
2. 
3; 
Mean value of f=.. ст. 
Power P=.. dioptre. 
Calculations : 
v—u 14:4— 8:4 
V. ил. 
(ii) f=— = .. cm. 
aU 
Му, и.) 
111 —— = ..cm. 
(iii) f= 
100 100 
f (mean) ‘is 


of the auxiliary convex lens 
lens but the difference should 
for the object distance and the 
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Oral questions 


1. What type of image does a concave lens produce ? 

Ans. For real object, the concave lens always produces a virtual image. But 
if the object is virtual and is situated within the focal length of the lens, the image 
is real. 

2. What type of object and image you are dealing with in this experiment ? 

Ans. Object is virtual and the image is real. 

3. Is the concaye lens always a diverging lens ? 

Ans. No ; if the refractive index of the surrounding medium with respect to 
the lens material is more than 1, the concave lens becomes a converging lens. 

4. Why do you use an auxiliary convex lens in this experiment ? 

Ans. Concave lens produces a virtual image for a real object and the image 
cannot be cast on a screen. In order that the concave lens can produce a real 
image receivable on a Screen, an auxiliary convex lens is used. 


5. Can convex lens of any focal length serve your purpose ? 
Ans. Yes; but the Convex lens should have a focal length less than that of 
the concave lens, 


6. What happens when the convex lens has formed 
focal length of the concave lens 7 

Ans. The concave lens will the 
Cast On a screen. 


7. Why should you place 
more than its focal length ? 


: Ans. If the wire-gauge is within the focal length of the Convex lens, the lens 
will produce a virtual image which cannot be received on a screen. 
8. Why is the index error 


: same for object and image distances in this ex- 
periment ? 


Ans. Because bo 
lens and the screen, 


an image beyond the 


n produce a virtual image which can not be 


the convex lens at a distance from the wire-gauge 


—— 


3.11. The Spectrometer : 


used in a laboratory. It essentially co 
(а) The prism table (P) for mounti 


ргойисіп, 
the spectrum of the light incident z 


on it. (b) The collimator (C) for 


th the distances are measured with reference to the concave 


i 
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Producing a beam of parallel light. (c) The telescope (T) for viewing 
the spectrum. (d) A circular scale and Verniers (V, and И.) for the 


Fig. 11. 


"measurement of angle of rotation either of the telescope or of the 
prism table. 


Below are given the descriptions of each part ir detail. 


(a) The prism table (P) : It is a circular plane table capable of 
rotating about the vertical axis of the instrument. The table is 
provided with three levelling screws А, B, C [Fig. 12] by means of which 
the table can be levelled. The prism 
PQR is placed on this table. The 
height of the prism table can be 
adjusted by raising or !owering the 
rod carrying the table and then 
clamping it in position by screw H. 
When the prism table is rotated, 
two verniers V; and V, move over a 
circular scale which is kept just 
below the verniers and measure the 
rotation of the table. If the fixing 
screw Ris clamped, the prism table 
cannot be rotated by hand but slow rotation can be given with the 
tangent screw N at the base of the instrument. The screw R is known 
as the fixing screw and the screw N as tangent screw. On the surface 
of the prism table are drawn several lines parallel to the line 
obtained by joining the levelling screws B and C of the prism table 
IFig. 12]. Some concentric circles are also drawn on the surface of 


Fig. 12. 
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the table, the centre of the circles being situated on the axis of the 
instrument. With the help of these circles and straight lines, the 
prism can be placed in its proper position. 


(b) The collimator (C) : It consists of a metallic tube, at one end 
of which there is a converging achromatic lens O, and at the other a 
draw tube carrying a vertical slit S, the draw tube can be moved 
inside the main tube by the screw Е, with the result that the slit can be 
placed at the focal plane of the lens O,. The slit has one jaw fixed 
and the other jaw movable by the screw С. In some slits both the jaws 
open out or close in simultaneously. The slit can be illuminated by 
the source of light whose Spectrum is to be examined. When the slit 
is placed at the focal plane of the lens L, and illuminated by the given 
Sourc?, a parallel beam of light emerges from the collimator. Asa 


matter of fact, the function of the collimator is to produce a parallel 


beamoflight. For this reason, the screw Fyis known as the collimator 
focussing screw. There are t 


wo levelling screws (L5, L) below the 
collimator tube. With the help of these screws, the axis of the colli- 
mator tub» can be sst horizontal and hence perpendicular to the 
Vertical axis of the instrument. 

(c) The telescope (T): It is an astronomical telescope consisting 
of an objective lens O, which is an achromatic doublet of convex and 
Concave lens and a Ramsden type eye-piece E, carrying a pair of cross- 
wires. The telescope can be set so as to admit a parallel pencil of 
light which forms a sharp image of the slit on the cross-wire. The 
telescope can be rotated about the vertical axis of the prism table and 
its rotation can be measured with the help of the verniers V, and V, 
(Set at 180° with each other) and the circular scale. Like the prism 


table, the telescope 15 also provided with a fixing screw О 
and a tangent screw М. 


fixing screw and then moved slowly by the 
rate observation of the rotation of the tele- 
Scope, slow motion is necessary. There is a focussing screw Е, by 
means of which the суе-рлесе can be focussed on the cross-wir 
With the help of the levelling screws L3 and L 

be made horizontal. 


es. 
a the telescope axis can 


(4) Circular scale and the verniers: А circular scale graduated 
in degrees is provided wi i 
the prism table, 
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that with the rotation of the telescope, the circular scale rotates below 
the two verniers V, and V, fixed with the prism table at angle of 180° 
between them: When the prism table rotates, the verniers also rotate 
over the circular scale which remains fixed. In some verniers there 
are 30 equal divisions whilein sensitive instruments, the divisions may 
bemore. Two verniers are given in order to eliminate the eccentric 
error arising out of the axis of the circular scale not coinciding with the 
axis of rotation. 


3.12. Determination of the уегшег constant of a spectrometer : 


The vernier constant of a spectrometer should be first determined 
before it is put to any observation. Suppose, the vernier of a spectro- 
meter contains 30 divisions and the value of the smallest division of the 
circular scale is 3? ; If О-тагк of the vernier is made to coincide with 
any full division ‘of the circular scale, then it will be found that 30 
divisions of the vernier have coincided with 29 smallest divisions of the 
circular scale. The vernier constant, in this case, can be found out 


in the following way : 
30 vernier divisions=29 smallest divisions of the circular scale 


1 » —-— 0 » 32113» као 


Hence, vernier constant—1 division of the circular scale— 1 divi- 
sion of the vernier 


=1 -2_ 5 of the smallest division of the 
circular scale 
1 SM 1 
= — xX —— Eu 
80 + 60 of 1°=1' (minute) 


The smallest angle that this vernier can measure accurately is 1 minute. 
Гће following is the method 
of taking a reading with the 
above vernier : 

Suppose, in one case, 
the vernier reads as shown 
in fig. 13. The 0-тагк of 
the vernier has crossed over 


205° mark of the circular Fig. 13 
scale but not 205? — 30' mark. Hence, the circular scale reading is 205° 


If the vernier divisions are observed carefully, it will be seen that 25th. 
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division mark of the vernier has coincided with a certain division of 
the circular scale. The vernier reading ,in this case, is 25. So, the 
total reading —205°--25 x vernier constant 
=205°+-25 x 1' =205%25' ; 
Example: The degree division of the circular scale of a spectro- 
meter is divided into four equal parts. 30 divisions of the vernier scale 
‘coincide with 29 smallest divisions of the circular scale. What is its 
‘vernier constant 2 ; i 
Ans, 30 divisions of the vernier —29 smallest divisions of the circu- 


lar scale 
| 29 


n ” Fi реше » » DOC €») 


30 
So, ће vernier constant=( 1—29) of the smallest division 


EN 1 Bi 
30% 4 
== (т) minute—30'' (seconds) 


that this venier can measure accurately is 30" 


of the circular scale 


The smallest angle 
(seconds). 


3.13. Adjustments of spectrometer : 


Before ргосез@ тя to make any observation with a Spectrometer, 
some initial adjustments are essential. These adjustments are time 
consuming. The students are, therefore, advised to spend one day 
over these adjustment works. Once they get fully conversant with 
the adjustment procedures, they will feel no difficulty in handling the 


instrument later on. The Sequence in which these have to be done is 
given below : 


(i) Levelling of the instrument ; by this adjustment (a) the axes 


he slit and its illumination, 


the eye-piece of the telescope. 
parallel rays, 
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S, and 5, аге on the side of the telescope tube. Turn the telescope so 
that it lies parallel to the line joining the screws S, and S, Place a 
Spirit level on the telescope parallel to the axis of the tube. ‘If neces- 
sary, the spirit level may be fastened with the tube by a rubber band. If 
the bubble of the spirit level is not at the centre, turn the levelling 
screws S, and 5, equally but in the opposite directions (for example, if 
one is turned clockwise the other should be turned anti-clockwise) to 
bring the bubble half way to the centre and half way by turning the 
levelling screws Дз and L, below the telescope tube equally in the same 
direction. Now turn the telescope through 180° from this position 
and see if the bubble is stiil in the centre or not. If the bubble lies at 
the centre, the adjustment is complete ; in case it is displaced, it should 
be brought back to the centre by the previous operation ге., half way 
by turning the screws S, and 5, equally but in the opposite directions 
and half way by turning the screws Г. and Г. equally in the same 
direction. The procedure may have to be gone through three 
or four times before the bubble remains at the centre for both 
the positions of the telescope. Now turn the telescope and set 
it in line with the collimator tube. The bubble of the spirit 
level might be displaced from its central position. If it is displaced, 
turn the third levelling screw S at the base until the bubble returns to 
the central position. With the completion of levelling of the instru- 
m:nt, the axis of rotation of thetelescope becomes vertical and the axis 
of the telescope tube horizontal. The bubble of the spirit level will 
now remain at the centre in all positions of the telescope. 

Levelling of collimator : Now the spirit level is to be placed on 
the collimator tube with its axis parallel to the axis of the tube. Xf, 
in this position of the collimator, the-bubble is found to be displaced 
from its central position, turn the levelling screws Г, and L, provided 
with the collimator tube, in the same direction to bring the bubble 
back to its central position. This makes the axis of the collimator 
tube horizontal. е Е 

Levelling of prism table: There are three more levelling screws 
A, B and C just below the prism table for levelling the table [Fig. 12]. 
It has been mentioned earlier that several parallel lines are drawn on 
the prism table parallel to theline joining the screws B and C. Placing 
the spirit level parallel to these lines, the bubble is to be brought to the 
central position by turning the screws 8 and C equally in the opposite 
directions. Мом place the spirit level with its axis perpendicular to 
the line BC. If the bubble is disturbed, bring it to the central position 
by turning the screw А alone. This makes the axis of rotation of the 
prism table vertical. 
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(11) Adjustment of the slit and its illumination : Place a Bunsen bur- 
ner 10—12 cm away from the slit. Prepare some common salt solution. 
Wrap some asbestos in an iron rod and moistening the asbestos in salt 
Solution, hold it in the non-luminous part of the bunsen flame. The 
fame will be coloured with golden yellow colour—the characteristic 
colour of sodium. Place a perforated screen [screen may be made by 
fixing a piece of black tin plate in a wooden frame and making a narrow 
long slit on the tin plate] between the flame and the slit. If the height 
of the slit in the screen be equal to the slit of the collimator, then light 
passing through the scrcen slit will illuminate the collimator slit. [If 
sodium vapour lamp is available, Bunsen burner, salt solution etc, are 
not needed]. Looking through the collimator tube, see whether, 
illuminated slit (golden yellow colour) is visible or not. If necessary, 
Slightly alter the position of the burner and make the image of the slit 
brightest. Now, bringing the telescope in line with the collimator, 
look through the telescope and try to see the image of the slit. Perhaps 
the image will be blurred. If So, turn the focussing screw F, of the 
telescope (if necessary, also the focussing screw F, of the collimator) 
and make the image sharp and bright. In this position, the edges of 
the slit will appear very sharp. If the slit be not vertical, turn it and 
make it vertical. The width of the slit should be very small (1 or 2 
mm). If it is wide, make it narrow by turning the screw б. Some- 
times, it may so happen that inspite of levelling the instrument with 
the levelling screws, the image of the slit seen through the telescope 
does not occupy the central portion of the field of view of the telescope 
—it is cither raised a little or lowered. In such cases, the image 
should be made to occupy the central portion of the field of view by 
turning the levelling screws L, and L, provided with the collimator tube. 
(iii) Focussing the cross-wires of the eye-piece : Turn the tele- 
Scope towards the illuminated slit of the commutator. The cross- 
wires of the eye-piece ought to be clearly visible in the background of 
bright and illuminated field of view. If they are blurred, focussing is 
necessary. To do this, the draw-tube carrying the focussing lens of 
the eye-piece should be pushed in or out till the cross-wires are very 
distinct. After this, the focussing lens should not be disturbed. 
Turning the cye-piece in'its own plane, adjust its position such that the 
vertical wire passes through the centre of the slit. [Some prefer to 
have the intersection of the cross-wires at the centre of the slit.] 

. (у) Focussing the telescope for parallel rays : Schuster’s 
method : Place a prism ABC on the prism table with its centre coin- 
ciding with the centre of the prism table. The refracting edges of the 
prism should be vertical. Turn the prism table so that the rays of light 


у 
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coming from the collimator may be incident on one refracting face (say, 
AB in fig. 14) of the prism at an angle of about 45°. The rays of light 
will emerge from the 
prism through the other 
tefracting face AC and 
will be deviated towards 
the base BC of the 
prism. Looking through 
the prism from the 
side AC as. shownin 
the fig. 14, try to see 
the image of the colli- 
mator slit. Moving 
the cye alittle towards 
right and left, a bright 
golden-yellow image will be visible. Keeping the eye in that 
position, if the prism table is rotated slightly this way or that way, the 
image will also be seen to move likewise. Now, slowly turn the prism 
table so that the image moves towards the side of lesser deviation. 
Follow the movement of the image with naked eye. Soon a position 
of the prism table will be available where the image stops moving 
momentarily and then turns back in the opposite direction although 
the prism table is rotating in the same previous direction. The position 
ofthe prism table where the image of the collimator just starts retracing 
its path is called the minimum deviation position. 


Fig. 14 


Having ascertained the position of minimum deviation of the 
prism with naked eyes, remove the 
eyes a little behind keeping the 

А Image image in view and then bring the 
telescope between the eye and the 
prism. Now, looking through the 


1 telescope, the image of the slit will 
be clearly visible. Keeping the eye 
in the same position, turn the 


prism table slightly, if necessary, so 
that the image is just on the point 

Fig. 15 of turning i.e, just in the mini- 
mum deviation position. Without. changing the position of the 
prism table, turn the telescope slightly towards the side of greater 
deviation so that the image of the slit may stand at one side of 
the field of view of the telescope [Fig. 15]. In this position, in whatever 


— > Direction of less deviation 
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direction the prism table is rotated, the image will retrace its раќ. 
after reaching the cross-wires йе., 
the prism can be placed in two 
positions for each of which the 
image can be made to coincide 
with the cross-wires. In one 
position of the prism, the angle 
ofincidenceis morethan the angle 
of incidence Corresponding to the 
minimum deviation and the posi- 
tion is called slant position. In this 
1 position the image is very narrow. 
Fig. 16 Sf. 
Inthe other position, known as 
normal position, the angle of incidence is less than the angle of 


incidence corresponding to the minimum deviation and the image is, 
broader [Fig. 16]. 


The image may appear blurred. Make the image distinct by 
Now turn the prism 


€ sharp and distinct by 
- In general, the above 


ion, both the telescope 
cussed for parallel 


3.14. Optical levelling of the prism : 


In performing experiment With a prism, 


it should be placed on the 
prism-table such that its refracting surfaces ај 


Te vertical. Ifthe base of 


Collimator. 


абдала) уу. 
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faces of the prism are vertical. If, there exists some discrepancy 
between the base and the faces, optical levelling is necessary. It is to 
be done in the following way : 

Swing the telescope in Such a position that its axis makes an 
angle of 90° with the axis of the collimator (Fig. 17). Now place the 
prism РОК on the prism table with 
its centre coinciding with the centre 
O of the table (or, the apex P of the 
prism coinciding with the centre of the 
table whichever is convenient) and 
one of its refracting surfaces (say 
PQ) perpendicular to the line 
joining the screws B and C of the 
prism table. Next turn the prism 
table slowly till the rays of light 
coming from the collimator are 
reflected by the surface РО into the . 
telescope [Fig. 17]. Looking through Fig, 17 
the telescope, an image of the 
slit will be visible. If the image is situated symmetrically with respect 
to the top and bottom of the field of view of the telescope, the levelling 
is alright and no optical levelling is necessary. If, on the other hand, 
the image is found to be raised or lowered, bring it to the central posi- 
tion of the field of view by turning the screws B and C equally in the 
opposite directions. Now, rotate the prism table, till the rays of light 
are reflected into the telescope by the other refracting surface PR of 
the prism. If the image is still unsymmetrical, bring it to the central 
position by turning the third levelling screw A. Repeat the process 
of alternate levellings a few times. Finally, the image will be found 
to remain symmetrical whatever surface of the prism is used to reflect 
the rays of light. This ensures that the refracting surfaces of the 
prism are vertical. 

3.15. Precautions in using a prism : 
. In using a prism, care should 
iE CUm be taken, first of all, to see whether 
the refracting surfaces [PO and PR 
in fig. 17] are clean or not. If the 
‘surfaces are smeared with oil or 
greasy substances, they are to be 
cleaned by cotton moistened with 
Fig. 18 alcohol. In handling a prism, саге 

Should be taken not to touch the refracting surfaces with hand. It 


D. P. P.—11 
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should be held with fingers pressing the top and the bottom of the 
prism as shown in fig. 18. 


3.16. Adjustment of a spectrometer for parallel rays by Schuster’s 
method and to determine refractive index of the material of a prism by 
minimum deviation method : 


Apparatus : A spectrometer, prism, spirit level, burner, asbestos 


ring soaked in sodium chloride solution, a wooden or tin screen with 


perforation etc. 


"Theory: If а monochromatic ray of light passes through the 


_ principal section of a prism with minimum deviation 3,, then the 


refractive index р of the material of the prism is given by, 
— Sin 3(8,-- 4) 
VOTE RSS] 
Where А is the refracting angle of the prism. So, knowing A and § 
the refractive index | can be found out. 
Experimental procedure : (1) Examine the graduations on the 


circular scale of the spectrometer and find the vernier constant as 
explained on page 155, 


m» 


(2) Complete the adjustment operations (i), (ii), (iii) and (iv) 
mentioned in art 3.12. The instrument will then be focussed for 
parallel rays and be ready for subsequent observations. 

Determination of the refracting angle (A) of the prism : 

(3) Place the prism on the prism table with its apex А coinciding 

with the centre of the prism 

Eie fion bo table and the base ВС per- 
collimator pendicular to the parallel 
тауз coming from the colli- 

mator [Fig. 19]. Allow the 

Prismtable light from the collimator to 

а fall on the prismin a manner 

such that half of it falls on the 

А face AB and the other half 
IX - » A on AC. Clamp the prism 
/ > table by its fixing screw R. 

(4) By moving the eye 
in a horizontal plane con- 
taining the axis of the 
ge of the slit from the face 
enable you to see the bright 


collimator, look for the reflected ima: 
AB. A slight movement of the eye will 
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image of the slit. Swing the telescope to this direction (7,) to get the 
image of the slit on the cross-wires. Turn the tangent screw (N) of the 


telescope to give it a slow motion so that the vertical 
cross-wire may just pass through the centre of the 
image[Fig. 19(a)]. Take the readings of the verniers 
Г, and V, against the circular scale. Check that 
the difference between these two readings is very 


Vertical 
Cross wire 


nearly 180°. Repeat the operation twice and get 


the mean reading. 


—Slit 


(5) Turn the telescope to see the reflected 
image from the face AC and make a similar adjust- 
ment in the position T, [Fig. 19]. Take the vernier 


readings. 
(6) Find the 


difference 


teadings of the same vernier. T 
the two results obtained from the two verniers. Fig. 19(a) 
Half of it gives the angle of the prism (А.). 


between the two › 
Take the mean of 


Determination of the angle of minimum deviation (8,,) : 


(7) For this purpose, place the prism on the prism table with its 
centre coinciding with the centre of the table and light from the colli- 


Rays from the 
Collimator 


Fig. 20 


Prism table 


mator falling ona refracting surface 
(AB in fig. 20) of the prism. Rays 
of light will emerge through the 
face AC being deviated towards 
the base BC of the prism [Fig. 20]. 

(8) Moving the eye in a hori- 
zontal plane containing the axis of 
the collimator, try to look for the 
refracted image of the slit from the 
side AC. Having obtained the 
image, follow the operation (iy) of 
the art 3.13 and place the prism 
almost in the minimum deviation 
position with naked eye. Clamping 
the prism table with its fixing 
screw, swing the telescope in the 
position T, and look for the image 
of the slit through the telescope, 


Give the prism table a slow motion by its tangent screw and 
Set it at the position where the image just starts to retrace its path. 


This is the correct minimum deviation position of the prism. 
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Now slowly rotate the telescope in suitable direction in order to bring: 
the vertical cross-wire exactly at the centre of the slit image. Read 
this position of the telescope by the two verniers and the circular scale. 
Repeat the operations, at least, twice and get the mean reading. 


(9) Remove the prism without disturbing the prism table, which 
Should be securely clamped. Swing the telescope so that its axis (71) 
may lie in a line with the collimator axis. 


In such a case, the direct 
image of the slit will be visible through the 


telescope. Slowly rotate 
the telescope with its tangent screw So that the verti 


may pass through the centre of the image. 
two verniers. Repeating the o 
direct reading. The angle of 
the direct rays T 
To get this, take t 


cal cross wire 
Having done this, read the 
peration, at least, twice, get the mean 
minimum deviation is the angle between 


) and the emergent rays (Т) in the operation (8). 
he difference of readin 


two positions of the telescope. 
obtained from the two verniers. 

(10) Calculate the V 
and à, in the equation me 


25 of the same vernier for the 
Take the mean of the two results 


m. Get the mean value of 5, 


esults obtained with the lig 


ht incident 
first on the face AB and then on the face АС. 


Measurements : (а) Vernier constant of the spectrometer · 


The value of the smallest division of t 
.. Vernier divisions— 


1 == 


„ә LE АТДА 


he circular зсае=.. 
- Smallest divisions of the circular Scale 


25 22 22 22 22 
So, Vernier constant—. . smallest division of the citcular scale 


=..(minute or second) 


165 


LIGHT 


[juod siy} 1940 JURTISIA од о} posiApe “олојоло голу SIUAPNIS *,8p 61 = ЕТ OF —,5% 20/0) — 096 —suonisod. Ом] əy} џоглјод 
Sdurpvol ƏY} JO оополојтр ош “OG 'лоло рәѕѕоло иәәд SEY „0 184} eseor 0} Ásvo SII °, 61.08 SI 5р 9011504 əy} јој 384} pue 
«SC OLT SI IZ uonrsod о 10; 8шрвол oy} ојашехо ло < (да ~2)— ,09£—992uo1oprp әц} ‘ISLI JEY} UJ 'лоло роз5оло SI AVIS јејполо 


oy} Jo элеш ,0 “(OZ '814) 57 uonisod əy} оу тр uonisod оф шол 240553123 ou) ZUNJYS ојл 3843 suoddvy os 31 зоштошо5 +] 
TUER Mmi. Е i NE FO an PS ale alin „ЗЫ EOE ny MEC M can pd RCM i-o а ИЕ 9 


| en — áo P ——— 


.. s.. . .. .. .. .. SA 
З • 5 " TA | 
(у) | (РО әүео5 әүе2ѕ 
ојдог 9опо se. [UO] | ләгиләд |теполо IROL | лотилод | тепло 
зш эр | (9—2) ОИЕ c IIUI | JO "ON 
"овде | UCIN, |эоцэлэша ULIN (EL) (ŒL) 


SLUT puooss IY} JO Surpvow деци JS] оф JO зшреэЯ 


: 145141 ou] fo oj8up Зицорајол әу fo uolpuiullajag (9) 


DEGREE PRACTICAL PHYSICS 


166 


(9) (9 95 
ЗА [4 
т 
RÀ 
T TA с 
т 
(q~v="Q)| (Ф) sles 
SN "кор шшш) овәуү oL ]Eop | зәшләд |лејполо *sqo 
uvoW | JO ојвиу JUIN | JO “ON 
(и) (C) 
1011504 32o1rp 10} Superoy 9011504 ‘ләр шшш лој Surpeasr 


+ иоџрагр штипиии fo 2ү8ир 211 fo портир (2) 


LIGHT 167 


. зт ба ГА) sin¢(..+..)__ 

sini4 sini.. g 

Remarks : (1) In focussing the slit, parallax should be avoided 
between the cross-wires and the slit. (2) The accuracy of the measure- 
ment depends on the correct way of placing the prism on the table. 
(3) In measuring the angle of the prism care should be taken to see 
whether 0° mark of the circular scale is crossed over. (4) While 
using the tangent screw, the telescope or the prism table should be 
clamped before hand by the fixing screws. 


Calculations : р 


Oral questions 


1. What is angle of minimum deviation ? What is the condition for the devia- 
tion to be minimum ? 

Ans. Consult any text book. When the angle of incidence of a ray on any 
refracting face of the prism equals the angle of emergence from the other face, the 
deviation becomes minimum. 

2. Why do you use sodium light in this experiment ? Can any other light 
be used ? 


Ans. Sodium light is monochromatic and can be easily produced. This 
is the reason why sodium light is used. As a matter of fact, any monochromatic 


light can be used. 

3. Why two verniers are provided in the instrument ? 

Ans. See агі 3.11(4). [Page 154]. 

4. Why are telescope and collimator focussed for parallel rays ? 

Ans. И the incident rays are either diverging or converging but not parallel, 
the distance of the image from the prism will vary with the change of position of. 
the prism. As a result, if the image is focussed at a given position of the prism, 
it will be out of focus in another position. Ви if the collimator and the telescope 
are focussed for parallel rays, the image will remain in focus in all positions of the 
prism. 

5. Why is the instrument levelled ? 

Ans. If the instrument is not levelled, the position of the image will vary 
with the change of position of the telescope. 

6. Why is optical levelling sometimes necessary ? 

Ans. When the base of the prism and the refracting surface are not perpendi- 
cular to each other, optical levelling is necessary. 

7. What is the advantage of tangent screw ? 

Ans. Tangent screw enables us to give the prism table or the telescope a 

slow-motion, which is necessary for fine or accurate adjustment. 
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8. Which type of eye-piece is provided with the telescope ? 


Ans. The telescope is provided Ramsden’. 
wires can be used in this eye-piece. 


9. When light falls on the 
through it ? 


Ans. No ;a small fraction is reflected. 


$ type of eye-piece, because cross- 


refracting surface of a prism, is all light refracted 


10. Can you use white light in your experiment ? 


Ans. Мо; white light contains seven 


wave-lengths, each of which will pro- 
duce an image of the slit and the whole thin 


ig will be very much confused. 


3.17. То draw 1—5 curve of a prism by a spectrometer and hence to 
find ont the angle of minimum deviation : 


Apparatus: Asin experiment of art. 3.16. 
"Theory : 


In fig 21, a ray РО is incident on the refracting face 
AB of a prism at an angle i. A part of the 
light is reflected along ОМ and the 
remaining part is refracted into the prism 
along QR which finally emerges along RS. 
In this case, the angle of incidence 
1=ИРОМ=ИРОМ. 
^ 27= ИРОМ = 180° — ZTOM, 
„where ОТ is the direct ray from the 
collimator. So, knowing the angle between 
the reflected ray OM and the direct ray 
POT, the angle of incidence i can ђе found 
out, 

The deviation of the above incident ray 
8=/SDT ;. hence knowing the angle 
between the emergent ray RS and the 

€ of deviation 3 can be found out. 5 


out from 1—5 graph. 


[N.B. Determining 8 


m and i from the graph, 
can be found out by the 


+ Hof the material ft i 
following formula : The of the prism 


angle of the Prism is given by,, 
о z] 
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Experimental procedure: (1) Carefully note the graduations of 
the circular scale of the spectrometer and from it, calculate the vernier 
*constant of the instrument (See art 3.12). 

(2) Complete the operations (1), (ii), (iii) and (iv) in connection 
with the adjustment of the instrument as described in art 3.13. The 
instrument is now focussed for parallel rays and is ready for subsequent 
experiment. 

(3) Макечће screw H [Fig. 11] of the prism-table a little loose 
‘so that it can be rotated by hand without rotating the scale or vernier. 
In this experiment, rotation of the vernier scale or the circular scale 
:Should take place only with the rotation of the telescope. 


(4) Illuminate the slit of the collimator with sodium light. 
Bring the telescope in a line with the collimator so' that light from 
the collimator can directly enter 
into the telescope. Turn the 
tangent screw of the telescope 
:and slowly set the telescope in 
‘the position Т [Fig. 21(@] so 
that the vertical cross-wire may 
трава through the centre ofthe 
image of the slit. Read the 
‘circular scale and the two 
"verniers and compute the total 
reading for this position of the 


telescope. This gives the T 
‘direct reading of the telescope. (у n 


Rays from ће 
Collimator 


Let it be x. > 
(5) Now place the prism on 
the prism-table with its centre Fig. 21(a) 


coinciding with the centre of the prism-table so that light from the colli- 
mator may be incident on one of the refracting faces [face AB in fig. 
21(a)] of the prism. The correct setting of the prism can be judged 
from the concentric circles drawn on the prism-table. Turning the 
top of the prism-table (without turning the scale) set the prism approxi- 
mately in the minimum deviation position [say, ABC in fig. 21(a)] 
following the procedure described in art 3.13 (iv). Swing the teles- 
cope in the position 7; and look for the refracted image of the slit 
through the telescope. Slowly move the telescope with its tangent 
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screw until the vertical cross-wire passes through the centre of the 
image. Take the readings of both the verniers in this position of 
the telescope. This corresponds to the reading for the approximate 
minimum deviation position of the prism. Let this reading be ху. 
Then, the deviation of this ray 8=(x,~x). - 

(6) Looking from the side AB of the prism with naked eye, 
try to see the reflected image of the slit. Swing the telescope with 
hand to the position of the eye and look for the reflected image through 
the telescope. Slowly adjust the position of the telescope by means- 
of its tangent screw so that the vertical cross-wire may pass through 
the centre of the image. In this position (Т.) of the telescope, take 
the readings of the verniers and the circular scale, Let it be Xs. 
The angle of incidence of the ray i—$[180* —(x.~x)]. | 

(7) Now, turn the top of the prism table (without turning the | 
Scale) clockwise through nearly 2°. The angle of incidence will in-- 
Crease and the angle of deviation will change. As before try to see 
the refracted image from the side AC of the prism with naked eye 
and the reflected image from the side AB. Swing the telescope first 
to catch the refracted image. Giving a slow motion to the telescope 
with its tangent Screw, set the vertical cross-wire exactly at the middle 
of the image. Take the circular scale and Vernier Scales reading. 
If this reading be Xs, then the deviation of the тау 3=(x,~x). 
Now swing the telescope to the side AB of the prism to catch the 
reflected image. As before, giving a slow motion to the telescope 
with its tangent screw, set the vertical cross-wire at the middle of the 
image. Take the readings of the circular scale and both the verniers. 
If this reading be ха the angle of incidence of the aforesaid ray: 
i=} [180° (хае). . 

(8) In this way, the top of the prism table is to be rotated through | 
steps of about 2° clockwise and anti-clockwise about the minimum | 
deviation position (i.e., the position АВС 


| 

) and the angles of incidence | 

increased and decreased accordingly. In each case, the circular: | 
| 


scale reading and the vernier scale readings are to be noted after catch- 
ing the refracted and reflected images through the telescope. 
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(9) Тһе above operations give us readings for seven positions— 
three on the clockwise, three on the anti-clockwise and one approxi- 
mately on the minimum deviation position. For all these positions, 
the values of i and 3 are to be found out and then a graph between 
Тапа 8 is to be drawn. The graph will be very much like a parabola 
[Fig. 21(b)]. From the lowest point of the graph, the angle of mini- 
mum deviation (5„) and corresponding angle of incidence (7) are to be 
determined. 

(10) Applying the formula mentioned in the theory, н can be 
found out. 

Measurements : (a) Determination of vernier constant (Data. 
for illustration) 

As in Experiment по. 3.16. The vernier constant=1’. 


(b) Table for direct image readings : 


Vernier No. of Circular | Vernier Total Mean 
Obs. | scale scale (x) 

1. 85°30’ 26 85°32’ 

и 2: 85°30’ 1; 85°31” 85932" 
3% 85°29’ 2 85°32’ 
ile 265°30’ 4’ 26534" 

Va 2: 26530" Зи 26533" 26534" 
By 26530" 54 265?35* 
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(d) Table for drawing graph [Data obtained from table (c)] 


— 
2 


 — —— — 


Quantity 
Angle of inci- 
dence (i) 
——- 


55°30’ | 70°26’ | 44°23’ | 80°30’ | 41°27’ | 85°50’ 


Angle of devi- 


ation (8) 51°58’ | 55°42’ | 56°38’ | 61°48’ | 61°38’ | 66°6’ 


ГР 
ЕЕЕ H 
РЕ 


Н ПБ ППБ Ee 
eera A 
са па ПБ a 
m ШЕЕ ED IE? E ELE E E E 


Bj ELE ER аорте EEA 
тш НН Egzona 
21 Ерера у ED EZ 7 Л LE F2 23 ELLE E а 
иш ишш |||] | 
Sm ТЕГЕ 
і E 


Fig. 21(5) 
(е) From the graph : 5,,—51^58' (as an illustration) 
[5552901 
Calculations : | 
Angle of the prism A=2i —8,—2x 55°30’ —51°58’ 
=4972' 
sin $ (8241-4) _ sin $ (51°58’+-49°2’) 
E ср ул КӨ ce CODN um 
~ sin A/2 sin (49°2'/2) 


_ sin 50°30’ 0:7716 AT 
— sin2431' 04147 _ 

Remarks : (1) Care should be taken so that while rotating the 
top of the prism table, the positions of the circular scale and the ver- 
niers do not change. (2) At no stage should the prism be bodily displaced 
from its position ; for then the angle of incidence will.change and 
the experiment will have to be repeated from the very begining. 
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Oral questions 


1. How does the angle of deviation depend on the angle of incidence ? 

Ans, For a particular angle of incidence, the deviation becomes minimum 
sand for all other angles of incidence, the deviation is greater. 

2. What will be the difference between the readings of the verniers at any 
stage ? 

-Ans, The difference is 180°. 


*3.18. Determination of the refractive index of the material of a thin 
prism by the method of normal incidence : 


Apparatus: A spectrometer, a thin prism (having refracting angle of 
the order of 10° or less), spirit level, an equilateral prism (having angle 
of 60°), asbestos ring soaked in sodium chloride solution, a wooden 
A or tin screen with a slit, etc. 


Theory : A ray РО is incident 
normally on the face AB of the 
thin prism ABC and enters straight 
into the prism. It is incident on 
the face AC at R at an angle of 
incidence / r [Fig. 221. The ray then 
emerges along RS at an angle /i. 
B С S In this case, the deviation of the 

Fig. 22 ray à—i—r ; now Zr is the angle 
between PR and MR which are normals to the sides AB and AC 
respectively. So, Zr—/ A, the refracting angle of the prism. 


8—i—4A 
sini sin(ó--4) 8+4 .. 
Now, џ=-— = == = а 
о H ШОР ТИ A [Since the angles are small] 


5 
jug 
А 


Experimental procedure : (1) Look 
circular scale of the spectrometer and det 

` of the instrument. 
(2) Perform the operations (i 


at the graduations of the 
ermine the vernier constant 


), (ii), (iii) and (iv) in connection with 
the adjustment of the spectrometer as described in art 3.13, While 
performing the operation (iv), use the equilateral prism of angle 60°, 
(3) Remove the equilateral prism from the prism table. 
the telescope in line with the collimator so that light fr. 
mator may enter straigat into the telescope. 
telescope, try to see the image of the slit. 


Bring 
om the colli- 
Looking through the 
Move the telescope slowly 


*For North Bengal University only. 
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‘by its tangent screw and set the vertical cross-wire just at the middle 
-of the slit image. Note the circular scale reading and the reading of 
any one vernier (say, the vernier Vj. Suppose the reading is «. 
Now slowly move the telescope by hand till the vernier V; rotates 
through exactly 90° and gives a reading (22-907) ог («—90°).* In 
this position, the axis of the telescope will be perpendicular to the axis 
of tlie collimator. Clamp tightly the telescope with its fixing screw. 

(4) Place the thin prism on the prism-table so that its centre 
coincides with the centre of the 
circular prism table. Now slowly 
rotate the prism table with hand 
till the light coming from the colli- 
mator may, after reflection at the 
face AB of the prism, enter into the 
telescope Т [Fig. 22(2)]. The image 
ofthe slit will be visible through. 
the telescope. Turning the tangent 
screw of the prism table, bring 
the vertical cross-wire at the middle 
of the slit image. Read this 
position of the prism-table with the Fig. 22(d) 
help of the circular scale and the vernier. Displace the prism-table a little 
and perform the above operation twice and get the mean reading (for 
both the verniers) of the exact position of theprism table. Suppose, 
the reading for the vernier V; is В, and that for the vernier V, is Bo. 

(5) Again turn the prism table by hand and bring the other 
face АС of the prism towards the collimator so that rays of light, 
coming from the collimator, are reflected by the face AC into the tele- 
scope. Turning the tangent screw of the prism-table, set the vertical 
cross-wire at the middle of the slit image and take the circular and 
vernier scale readings. As before, slightly displace the prism-table 
and repeat the above operation twice. Find the mean reading of the 
exact position of the prism-table for each vernier. Let the vernier 
V, now read В; and the vernier У; read Ва. 

In this case, the angle of the prism A=180° 
(G.~8,). Find the mean value of these two readings. 


the angle А of the prism. 
(6) Now turn the prism-ta 
an anticlockwise rotation. If due to this 


* Suppose the telescope is given А u 
rotation, the scale reading diminishes gradually, then the vernier V4 reading should 
Фе (0 —90°) ; on the other hand, if the scale reading gradually increases, the vernier 
V, reading should be (¢+90°). 


Rays fromthe 
Collimator 


Prism table 


(Ва) or 180°~ 
This gives 


ble from this position (i.e., when the 
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vernier V, gives a reading В.) through exactly .45° in the suitable 
direction so that the present reading of the vernier V, is either (851-45?) 
ог (@,—45°)*. In this position of the prism, rays of light from the- 
collimator are incident on one. face: 
of the prism normally. [Fig. 22(b)]. 
ия dod Clamp the prism-table tightly with its. 

fixing screw. 

(7) Unfix the telescope and 
Swing it almost in the line with the- 
collimator so that rays of light 
emerging from the prism may 
enter into the telescope T: 
Turning the tangent screw of the 
telescope, bring the vertical cross-wire: 
at the middle of the slit image. 
Read the circular and vernier scales. 
? Repeat the Operation thrice by 

Slightly displacing the telescope. 
Find the mean readings for both the 
reading for the vernier И, be у and that for 


Fig. 22(5) 
verniers. Let the mean 
2 be ya. 

(8) Now remove the prism from the prism- 
exactly in line with the collimator. Try to see the slit image through 
the telescope. Adjust the position of the telescope by turning its 
tangent screw so that the Vertical cross-wire may lie just at the middle 
of the slit image. Repeat the operation thrice and get the mean read- 
ing. Suppose, the mean reading for the vernier Vi is үз and that 
for the vernier Vo is y, This is direct reading. 

Here, the deviation of the ray б= 
mean value of these two angles, 
angle of deviation (3). 

(9) Substituting the values of 8 an 
in the theory, calculate the value of р. 

Measurements : (а) Vernier constant of the instrument’: 

As in experiment no. 3.16, The vernier constant] ’ 

(b) Determination of the angle (A) of the prism : 

Keeping the telescope in the "direct-reading positio 
in the line with the collimator), the reading of the vern 
+1'=432'31' (а), 


table. Bring the telescope 


1~Y2 Of уза. Find the 
This gives the correct value of the 


d 4 in the equation mentioned 


n (ће., exactly 
ler V, —32%30' 


; if the scale reading 
і 45°) and if the scale 
reading gradually increases, the reading should be ( В+45°). 
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2°30’ 150’ 
П ; 
ЖЕШ БЕБИ зто ИГ 
Remarks : (1)Inevery setting of the prism table and the telescope, 
parallax between the images of the cross-wire and the slit should be 
avoided (2) See experiment no. 3.16. 


Calculations : р=14 


Oral questions 


As in experiments no 3.16 and 3.17. 


3.19. Determination of the radius of curvature of a lens Бу Newton's 
rings method : 


Apparatus: Newton’s rings arrangement, travelling micros- 
cope, short focus convex lens, Bunsen burner, asbestos ring etc. 


Theory: Suppose a monochromatic wave-train AB of wave- 
length А is incident normally on Г 
an air-film entrapped between а FC A 
plano-convex lens Г, and a plane \\ 
glass plate PD [Fig. 23]. A part 
of the incident ray travels along BC 
after reflection at B., The other 
part enters into the air-film and 
gets reflected at the glass plate and L4 
finally emerges from the lens along 
DEF. These two reflected beams, Р 
on being superposed, interfere with 
each other and. produce alternate 
aerk and bright rings. The point Fig. 23 
of contact between the curved 
surface of the lens and the glass plate is the centre of the ring system. 


If D, be the diameter of the nth dark or bright ring of the system 
of rings described above and Ди.» that of the (n-l-m)th dark or bright 
ring, then it may be proved that Р? —D?,—4mXR where R= 
radius of curvature of the curved surface of the lens 

D*,,5 — Ds 
ue As PT ed 
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Experimental arrangement: Newton’s ring apparatus consists 
of circular metallic frame in which a plano-convex lens L, is confined 
ona plane glass plate Р by several 
screws [Fig. 23(2)]. ^ The curved 
surface of thelenshasa largeradius 
of curvature, Uniform pressure can 
be applied on the circumference 
ofthelens by the Screws and the 
centre of the system of rings can 
be madeto coincide with the centre 
База of the circular frame, If an asbestos 

Ting, soaked in sodium chloride 
Solution, is held in the flame of a burner, a bright source of mono- 
chromatic light (S) 15 produced. A short focus lens L is held at a 
distance equal to its own focal length from the source of light, so that 
а beam of parallel Tays is obtained. The parallel rays then fall on 
а glass plate G inclined at 45° to the vertical. The glass plate G 
sends the pencil of light vertically downward and thus the angle of 
Tefraction into the air film is Practically zero. This is what the theory 

`of the experiment demands, Looking through a travelling micros- 
cope М downwards, the illuminated ting system will be visible. 


Fig. 23(a) 


Experimental procedure : (1) Level the travelling microscope М 
with the help of a Spirit level so that the Scale on the platform becomes 
horizontal and the axis of the microscope vertical.- Focus the cross- 
wire distinctly by pushing in or pulling out the focussing lens provided 


with the еуе-ріесе. Determine the vernier constant of the horizontal 
Scale of the microscope, 


(2) Take out the lens and the glass plate from the metalli 
of the Newton’s ring arrangement and carefully clean their Surfaces 
with some cotton soaked in alcohol. Place them in their Positions 
in the frame and tighten the screws, If the frame is Now held in the 
sun rays small coloured rings will be visible. If the Tings аге found 
to be displaced from the centre of the frame, bring them at their 


с frame 
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Proper position by adjusting the screws. The centre of the ring 
System should coincide with the centre of the frame. Then arrange 
the apparatus as shown in fig. 23(а). When bright sodium light falls 
on the lens and the glass plate, a few dark and bright rings are seen 
when viewed from above with naked cye. 


(3) Having obtained the bright rings, set the microscope properly 
so that its axis is directed towards the centre of the ring system. Now 
Slowly move the microscope left and right and see whether the inter- 
section point ofthe two cross-wires passes through the centre of the ring 
system and one of the cross-wires (the one which is perpendicular 
to the direction of motion of the microscope) may intersect the rings 
tangentially. If necessary, turn the Newton's ring frame a little clock- 
wise or anticlockwise and ensure that the above adjustment is effected. 
Adjust the position of the lens L with respect to the source of light so 
that maximum number of rings are clearly visible through the mi- 


сгозсоре. 


(4) Having made this preliminary adjustment, focus the micros- 
cope on to the centre of the ring system. Slowly move the microscope 
towards left. First few rings may be wide and indistinct. Do not 
take them in your observation. т Count the first distinct dark ring 
as 1 and then go on counting the successive dark rings one by one 
till you reach the furthest distinct dark ring on the left. Suppose, 
the serial number of the furthest ring is 28. Moving the microscope 
slowly with the help of its tangent screw, set the cross-wire tangental 
to this ring. Read the horizontal scale and its vernier, Now slowly 
move the microscope towards right so that the cross-wire may be 
tangential to the 27th dark ring. Again read the main scale and the 
vernier. In this way, moving the microscope slowly towards right, 
readings for 4 or 5 successive dark rings (i.e., upto 24th or 25th dark 


ring) are to be taken. 


(5) Then disregarding some of the intermediate dark rings, 
make the cross-wire tangential again to the 8th dark ring (say) and 
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take the scale reading. Moving the microscope slowly towards right.. 
go on taking readings for the successive four or five dark rings 
upto the 4th or 5th dark ring). 


(i.e.. 
(6) Now, unfix the microscope and move it towards right 
slowly with hand. Crossing the centre, the microsc 
towards the right hand side of the rings, 
broad and indistinct rings, start counting the 
distinct dark ring as 1 (corresponding to the 
and reach the furthest distinct dark ring n 
microscope with its fixing screw, give it a slo 
of its tangent screw until the Cross 
Sing on the right hand side. 
reading. Moving towards the 
rings upto 24 or 25th ring. 


ope will now go 
Disregarding first few 
number from the first 
ring no. 1 on the left) 
o. 28. Clamping the 
W motion with the help 
-wire is tangential to the 28th dark 
Take the horizontal Scale and vernier 
left, take the readings of the successive 


(7) As before, disregarding the few in 


taking reading with 8th ring and finish it wh 
Sth dark ring. 


termediate rings, start 
€n you reach the 4th or 


(8) While tabulating the data, place the left hand and right 
hand readings of a particular ring side by side in a serial order and 
from this, find the diameter of different rings. 

(9) Time permitting, 


repeat the whole process once again from 
the furthest left end to the 


furthest right end of the ring systems. 


Measurements : 


(a) Determination of the vernier constant ој 
the microscope. 


The value of the smallest division of the main scale 


=, ст. 
.. vernier divisions—....main scale divisions 
1 j5 з == T A Y 
—... ст. 
Vernier constant... cm, 


(6) Wave length of sodium light (A)=5896 х.10-в cm. (given) 
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[Note : (*) The difference between the square of the diameter of the 
28th ring and that of 8th ring gives the value of (D*,.,,, — Ра“) for 20 
rings. Similarly, the above difference between 27th ring and the 7th 
ring also gives the value of (D?,,,—D,?)for20 rings. In this way, 
we may get the value of (D2,,, —D,?) for 20 rings in the case of 
26th and 6th rings and so on]. 

Calculations : ко Раба ст. 

4m. 

Calculation of radius of curvature from graph : 

If the number of rings (п) is plotted along OX axis and the square 
of the diameters (D?) along OY у 
axis,the graph will be a straight 
line АВ as shown in the fig. 23(). 
Take two far away points Р, and 
P, onthe straight line and draw 
perpendiculars Р, О, and P,Q» on 
the OX axis. If O Q, represents nth 
ring, then P,Q, will represent D 
Similarly, if OQ: гергеѕеліѕ(п-- 


Square of diameter (p?) 


myth ring, then P2Q2=D*n+m- So 
P,M —m and P,M — D*, т Рп Onsen Л _(ntm) 28 х 
в: Рат Dé _ P.M No. of rings(n) 
Amn АРМ) Fig. 23(6) 


From the graph, the values of Р.М and P,M can be found out. Hence 
R can be calculated from the above formula. ё 


Remarks: (1) The plano-convex lens used for the production 
of Newton’s rings should have a spherical surface of large radius of 
This is necessary because the rings observed have then a 


curvature. 
ће error in the measurement of their 


large diameter and hence t 


diameters will be minimum. 
(2) It may happen that the rings seen are not circular but ellip- 


tic. This is mainly due to unclean surfaces of the lens and the plate. 
For this reason, the surfaces are to be cleaned before the commence- 
ment of the experiment. 

(3) The centre of the ring systems, according to the theory, 
should be dark. Sometimes, the central spot appears bright. The 
reason for this is that the thickness at the point of contact, instead of 


being zero, has a small value. 
(4) A few rings near the central spot are rather indistinct and 


wide. These rings should not be taken into consideration. 
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(5) Since the slow motion screw of the microscope \ 5 
used in measurements, it should ђе initially checked whether its motion 
covers the diameters of the rings to be measured. Usually the work- 
ing length of the tangent screw is about 2 cm and it may be, if the above 
precaution is not taken, that by the time, the measurements are com- 
pleted, the working length of the screw 15 exhausted. As a result, the 
whole set of observations has to be rejected. Such a precaution is, 
however, not necessary in a microscope having tangent screw for its 
entire working length of nearly 15 cm. 


(© While moving the microscope right or left, the cross-wire 
should intersect the rings tangentially. 

(7) Instead of Bunsen 
a sodium vapour lamp is п 
steady light. 


burner impregneted with common salt, 
ноге convenient. It gives bright and 


Oral questions 


1. How are Newton's rings formed ? 


Ans. Newton's rings are formed due to interference between two rays— 
one reflected by the front surface and the other by the back surface of a film of air 
confined between the surfaces of a convex lens and a glass plate. For details, 
consult any text book. 


2. What is interfere: 
ference of light ? 

Ans. Consult any text book. 

3. Is the centre of the ring system dark or bright ? 

Ans. Centre is a dark point. 


4. What is the harm if an illuminated slit is used instead of a wide source of 
light 7. 


nce of light ? What conditions are. required for inter- 


Ans. A part of the ring will be visible, 


5. Sometimes you see elliptical rings instead of circular rings. What is the 
reason ? 
Ans. See remark no. 2. 
6. What is the harm if white light is used instea 
Ans. The rings will be coloured and few in n 


7. Why do you use a convex lens of large radius of curvature in producing 
Newton's rings ? 


d of monochromatic light ? 
lumber. 


Ans. See remark по. 1. 


8. On what factors does the diameter of the Tings depend 2 


Ans. The diameter depends on (i) the serial number of the rin ii) the wave- 
length of the light used (ii) the radius of curvature of the curved Beds à the lens 
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9. Сап you find out the wave length of light used by this experiment ? 
Ans. Yes ; in that case, the radius of curvature of the curved surface 
of the lens is to be determined by а spherometer and then from the 
Рта Dui. the wave length is to be calculated. 
4m.R 
10. Can you find out the гей: 


Ans. Yes ; in that case, а few dro 
glass plate and over the drops, the lens s 


formula X. = 


active index of a liquid by this experiment ? 
ps of the liquid are to be poured on the 
hould be placed. Newton's ring will be 


4m). R 


formed in the film of liquid. Applying the formula р == 
mtn ^n 


- the refrac- 


tive index can be found out. 


ystems, according to the theory, should be 


11. The central spot of the ring Sy 
dark. If you get a bright central point, will your measurement for radius of cur- 


vature be correct ? 


Ans. |f the rings аге circi 
value of (Ра+т"— Ра) is independent of the n 


dark or bright. 


ular, the measurement will be correct because the 
ature of the central spot, whether 


ЕЕЕ 


slit width and the separation between the 


3.20. Determination of the 
ing the diffraction and interfereuce fringes. 


slits of a double slit by observ: 


A spectrometer, а double slit, a strip of plane mirror, 


Apparatus : 
dium light, metre scale etc. 


reading telescope with lamp and scale, so 

Theory: A parallel beam of monochromatic rays coming from 
the collimator of a spectrometer, is incident on a double slit placed 
on the prism table of 
the spectrometer para- 
Пе! to the collimator 
slit. The distance 
between the slits is b 
and the width of each 
slit is a. If the emergent 
light be received 
through the telescope 
of the spectrometer 
(which is focussed 
for parallel rays), EOS 


diffraction fringes will ; 
be seen, which will overlap the interference fringes [Fig. 24 side]. 


If 0 be the angular width between two consecutive diffraction 
fringes and $ that between two consecutive interference fringes, it 
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сап be proved that 2,0 —3. ог a=} - (i) where A-wave length 
of the incident light. 
X e 
Also, (a--b).$—2 ог CES zr (i) 


Since 0 and ф are Very small angles, a reading telescope with lamp 
and scale arrangement is used for their measurement. 


In this ar- 
; Tangement, a strip of plane 
Pain Y mitror M is fixed on the arm 


ofthe spectrometer telescope 
(T). The image of a scale 
formed by the plane mirror 
is seen through the reading 
telescope Т; [Fig 24(a)]. 
When the intersection of the 
{ Cross-wires of the telescope 
T is made to coincide with 

two consecutive dark bands 

of diffraction fringe system 

by rotating the telescope 

= through а small angle Ө, 
the spot of reflected light 


Prism table «Double slit 


will move a certain distance 
Мола B Over the scale, If looking 
Fig. 24(a) through the rcading 
telescope 7, 


» the displacement of the spot of light observed is а, 
then o4, where D=the distance between the 
strip of plane mirror, 


Similarly, when the intersectio 
T is made to Coincide with two Consecutive dark ba: 
fringe system by rotating the telescope T'throu 


Scale and the 


^ 
Hence, а-29А — (i) and (g..5). 2D. 
d, d 


and d, a and b can be calcula 


+. (iv). 


Knowing D, &, d, ted from the above 
equations. 
Experimental Procedure : (1) Take a Spectrometer and perform 
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all the adjustments, including focussing for parallel rays, as described 
in art 3.13. Removing the prism from the prism-table, bring the 
telescope (T) in line with the collimator and allow the rays coming 
direct from the collimator to enter into the telescope. By adjusting , 
the focussing lens of the telescope eye-piece, focus the cross-wires 
distinctly and set the vertical cross-wire parallel to the collimator 
slit. 

(2) Attach a small strip of plane mirror (M) on the body of tiie 
telescope T with the help of a piece of rubber girder so that the plane 
mirror is vertical. Place a scale and a telescope (7) at some distance 
(about 2 metres) from the plane mirror. The scale consists of a white 
glass plate with black graduations. It is so set that its plane is paralle! 
to the plane of the mirror (M). Illuminate the scale with a suitably 
covered lamp. Focus the cross-wires of the telescope 7; and adjust 
the height of the scale such that looking through the telescope Ту, 
an image of the scale isseen, In this condition, if there be any. angu- 
lar displacement of the plane mirror M, there will be corresponding 
linear displacement of the scale divisions which can be measured with 


the help of the cross-wires of the telescope Ту. 


Measurement of (a) from diffraction fringes : 

(3) Place the double slit stand on the prism table so that the 
centre of the stand coincides with the centre of the prism table and 
the plane of the slit is vertical. Turning the screws below the prism 
table make the plane of the double slit parallel to the cross-wires of 
the telescope 7. Now, turning the prism table, set the double slit 
in such a position that the parallel rays coming from the collimator 
are incident on the slit normally [Fig 24(a)]. 

(4) Arrangethe position of the sodium vapour lamp, the width of 
d the position of the prism table, so that looking 
distinct, sharp and bright fringes—both dif- 
fraction and interference—are visible. On both sides of the central 
bright band, equal number of dark fringes (diffraction) will be clearly 
seen and in the central bright band, p-Ceniral bright ban d 
equally spaced. alternate dark and еде A, — Right sidé 
bright interference fringes will also 
be visible. [Right side of fig 24]. 

(5) Place the intersection E 
the cross-wires of the telescope 
on the first order dark band (n—1) пећ 1-3 ni nd ті ne? nnd 
on the left side of the central bright Fig. 24(b) 
diffraction band [Fig 24(b)]. Note the scale reading which coin- 


the collimator slit an 
through the telescope T 
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cides with the intersection of the cross-wire 
slowly swing the telescope T towards 
band and set the intersection of its cro: 


5 of the telescope Ту. Now 
the right of the central bright 


Ss-wires on the first arder dark 
"band (n=1). Again note the reading on the scale which coincides 


with the intersection of the cross-wires of the telescope T}. Dif- 
ference of these two readings divided by 2 gives the value of d, for the 
first order dark band of the diffraction pattern. 

(6) In this way, 
coincident with the 


for each order. 


(7) Calculate the 


mean value of ай 
between the plane mirr 


or M and the scale У 
Scale. Then applying the equation (iii) calcu] 
Determination ој (a--b) from interference 


(8) Interference fringes are visible wit 
band of diffraction pattern. 


Find the distance (D) 
ith the help of a metre 
ate the value of а. 


Sringes : 


hin the central bright 
The width of 


Tj. In this Way a set of readi 
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the fringe to the left end and in each step, the reading telescope 7i 
should' be used to take the scale-reading. (The serial number of 
be counted from the left end in both the cases). 


fringes will, however, 
the mean scale reading for each bright band 


From these two sets,. 
is to be ascertained. 

(10) From the mea 
of the readings between each 5 sets of bands [The difference between 
the Ist and 6th band, that between 2nd and 7th band and so оп.]. 
5 sets of band and dividing it by 5, 


n readings so obtained, find the difference 


Finding the mean value of these 


correct value of dą will be obtained. 
(11) Determine the value of (a--b) from the equation (iv) men- 


tioned in the theory. Then find the value of b from the values of 


(a+b) and ‘a’. 


Measurements : The wave length of the monochromatic sodium 


light used A=5896 x 10-8 cm. (given). 
between the scale and the plane mirror М 
(р)=0) ... (ii) ... (ii) ... 


Mean distance (D)=... ст. 


The distance 


(a) Measurement of diffraction fringes : 


| Scale reading when the cross- 
wires of the telescope T coin- 


Serial no cide with the dark bands Diff. of 
of dark scale PE Mean 
fringes. On the left of | On the right readings а М 
(n) central bright of central х=хлүләХа 
Бапа bright band 


(ху) (ха) ст 
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(b) Measurement of interference fringes : 


Scale readings when the cross- 
wires of the telescope T coin- 


Serial cides with bright band Difference 
no. of of readings | Mean |. а.х 
bright From From mean read- | of 5 bands x (cm) 159 
bands left to | right to ing (x) cm 
from left | right left y=(Ori+y2)/2 cm. 
On) On) 
ns 0л) e ce 
2. m7) Yr cyst. 
£j T р y) 
Ye nya = 
4 * 670) 
5. О») etc 
6. +e’) 
etc etc 
Calculations : 
ч 2р. Me „р. 
(i) а= 7 у = .. ст (ii) а+һ=25—_. " 
1 


2 


b —(a--b) —(а)=... cm. 


Calculation of proportionate error [for Honours students only] : 


8 8 
(= ш ES 25 [ À, being given, is assumed to be 
а/тх | D а, 
correct] 


In one observation, D was 250 ст 
being measured by a metre scale, 


(9) + qui 01 01 

@)max 250 12 
—000004-L 08333 
—:083334 

It is clear that the greatest error comes in the measurement of width 

of diffraction fringes. The percentage error —8:33 % 


о, 
о> 


and 4, was 1:2 cm. Both quantities 
8D=0'lem and 3d,—0:1 cm. 


——=5 
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Remarks : (1) The source of sodium light should have sufficient 
intensity, otherwise, fringes are not clearly visible. (2) The distance 
between the scale and the plane mirror should at least, be 2 metres. 
More the distance, more is the displacement of the scale image and 
less the inaccuracy in measuring it. (3) The width of each slit and 
the distance between the slits may be measured by a microscope and 
the above results may be compared with the result obtained from 
microscope measurement. (4) In taking the scale reading with the 
help of the telescope T, parallax between the image of the cross-wires 
and that of the scale must be avoided. (5) In the case where 4—3mm 
and b=1-2mm, and the distance (D) between the scale and the mirror 
—250 cm (nearly), the displacement of the scale image for diffraction 
fringes is found to be about 1:2cm and that for interference fringes 
about 3mm ; in such case, 8 or 9 bright interference fringes will be 
available. (6) Instead of sodium vapour lamp, powerful electric bulb 
(with straight filament) and red filter may be used. The wave length 
of red light is 1. =6400 x 1078 ст (nearly). (7) The fringe pattern 
depends on the ratio ofa and b. The number of fringes increases if 
а is small and b is large but in that case, the intensity of the fringes 


diminishes. 
Oral questions 

1. What is diffraction ? What is the diffzrence between interference and 
diffraction ? 

Ans. Consult any text book. 

2. How does a double slit produce diffraction and interference fringes ? 

Ans.While passing through each slit, the beam of light is diffracted and the 
diffracted beam produces the diffraction fringes. The two diffracted beam coming 
from the two slits get superposed and hence produce interference fringes. 

3. What will happen if the two slits of the double slit arrangement combine ? 

Ans. It will cease to remain a double slit and will be converted into a single 
slit of width 2a. The interference fringers will disappear and only the diffraction 
fringes will be seen. 

а. What happens if the width of each slit is increased gradually ? 

Ans. The width of diffraction fringes decreases but finally the fringes dis- 


appear. 
5, What happens when dis 


Ans. The fringes become 

6. What happens when the collimator slit is widened ? 

Ans. If the collimator slit is widenned, the intensity of the interference fringes 
increases but the sharpness decreases, and finally the interference fringes disappear 
at a limiting value of the collimator slit width. The width of the collimator slit 
should be much narrower compared to the width of each slit of the double slit 


arrangement. 
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tance between the slits (5) is gradually increased ? 
gradually narrow and finally they disappear. 
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7. What happens when гей light is used instead of sodium light ? у 
Ans. The wave length of red light is greater. than that of the yellow light 


of sodium. As a Tesult, the angular widths of each two consecutive diffraction 
fringes as well as interference fringes increases. 


8. Why, in the above experiment, readings are taken with the help of reflected 
light instead of the spectrometer scale ? 
Ans. The width of diffraction or interference fringes is usually very small. 


Error will come in if such small widths are measured by spectrometer scale. Lamp 
and scale together with reading telescope arrangement is convenient 

9. In the case of diffraction Iringes, the width of dark bands is measured 
hut in the case of interference fringes, the width of bright bands is measured. Why 
is this difference ? 


Ans. In the diffraction frin 


ges, the dark bands are cqually spaced with res- 
pect to the central band but t 


biight bends are not equally spaced. 


In inter- 
їегелсс fringes, both the dark d'bright Lands are equally spaced. 
10. Are the interference fringes cqually spaced 2 
Ans. Yes, the distance between two consecutive. dark or bright bands is 
cverywhere the came. 


3.21. Determination of the width of а narrow slit by diffraction method. 
Apparatus: A Spectrometer, a single slit (preferably adjustablc), 
a strip of plane m 


irror, lamp and scale with reading telescope, a source 
of monochromatic light (say sodium vapour lamp), metre scale etc. 
Theory : 


A long narrow slit 5 illuminated by monochromatic 
light sends out 


Tays which are rendered parallel by a convex lens Та 
So that the rays are incident normally on a narrow slit AB of width 


Fig. 25 
Sing through the slit AB is гесеју 
; th ed 
Consisting of alternate dark and bright bands Tene 
of the centra] image O of the slit wil] be found. Ы 


а. If the light pas 
diffraction fringes 
25] on both sides 
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If 6, be the angle of diffraction of the nth dark band on the left 
or right of the central bright band, then it can be shown that asin 0, 


—nÀ. Since Ө, is very small, we have a 0,—n ог LZ - Hence: 


п 


if 0 be the angular width of any two successive dark bands either on 


the right or on the left of the central bright band, then а=} tr 


Since 0 is very small, a reading telescope with lamp and scale 
arrangement is made for its measurement [Fig 24(a)]. As in experi- 
ment no 3.20, when the 
intersection of the cross- 
wires of the telescope |i 
T is made to coincide red 
with two consecutive dark 
bands by rotating the 
telescope T through a 
small angle 0, the spot 
of reflected light moves 
Over a certain distance 
over the scale. If looking 
through the reading 
telescope 71, the displace- 
ment of the spot of light 
observed is 4, then 


Fig. 25(a) 


д= ap where D=the 


distance between the scale and the strip of the plane mirror. 
2D. 


ac . @ 


Knowing D, X and d, the width a of the slit can be found out. 


Experimental Procedure : (1) Take a spectrometer and perform 
all the adjustments including focussing for parallel rays, as described 
in art 3.13. Removing the prism from the prism-table, bring the 
telescope T ій line with collimator. Illuminate the collimator slit 
with sodium light (if not used earlier for the adjustment of the spectro- 
meter) and allow the rays coming direct from the collimator to enter 
into the telescope. By adjusting the focussing lens of the telescope 
eye-piece, focus the cross-wires distinctly and set the vertical cross- 
wire parallel to the collimator slit. í 
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(2) Attach a small strip of plane mirror [M, fig 24(2)] on the 
body of the telescope Т with the help of a piece of rubber girder so 
that its plane is vertical. Place a scale and a telescope 7, at some 
distance (about 2 metres) from the plane mirror. The scale consists of 
a white glass plate with black graduations. It is so set that its plane 
is parallel to the plane of the mirror M. Illuminate the scale with 
a suitably covered electric lamp. Focus the cross-wires of the teles- 
cope Тү and adjust the height of the scale such that looking through 
the telescope Т, an image of the scale 15 seen. In this condition if there 
be any angular displacement of the plane mirror M, there will be 
corresponding linear displacement of the scale divisions which can 
be measured with the help of the cross-wires of the telescope T}. 

(3) Place the given slit mounted on suitable stand on the prism 
table. The centre of the stand should coincide with the centre of the 
prism table and the plane of the slit parallel to the line joining the two 
levelling screws. If necessary, make the slit vertical by turning the 
third levelling screw. Now, turning the prism table set the slit in 
such a position that the parallel тауз coming from the collimator аге 
incident on the slit normally [Fig 24(a)]. 

(4) Arrange the position of the sodium vapour lamp, the width 
of the collimator slit and the position of the prism table, so that looking 
through the telescope T, sharp and bright fringes are visible. On both 
sides of the central bright band, equal number of dark fringes will be 
seen, 

(5) Place the intersection of the cross-wires of the telescope 
T on the first dark band on the left side of the fringes. Note the 
scale reading which coincides with the intersection of the cross-wires 
of the telescope T,. In this way, take the scale readings for the suc- 
cessive dark bands on the left hand side till you come to the furthest 
left hand side but most distinct dark band (say 8th band). Now 
Swing the telescope T to the right hand side of the central bright band. 
Place the intersection of the cross-wires of the telescope T on the first 
dark band. Note the scale reading which coincides with the inter- 
section of cross-wires of the telescope Tj. Аз before, take the scale 
readings for the successive dark bands on the right hand side till you 
come to 8th band (say). 

(6) Repeat the whole ope 
hand side 8th band and ending on t 


and find the mean value of the rea 
(7) The difference of the mean Scale readings between 5 dark 
bands is found out in several instalments from which average value 
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of 5 dark bands may be obtained. Dividing the average value «b- 
tained by 5, width of successive dark bands may be calculated. 

(8) Find the distance (D) between the plane mirror Af and the 
scale with the help of a metre scale. 

Measurements : The wave length of the light used (Sodium) 
=5896 x 1078 ст. 

The distance between the scale and the plane mirror М 

(т) (it) чп) 


Mean distance (D)=... cm. 


(a) Measurement of fringe width : 


Scale readings as observed 
thro’ the telescope Т, (ст.) } 
Order Difference Mean Band 
no of First Second Mean for 5 bands | diff. for | width 
fringes | operation | operation (ee) (cm.) 5 bands | d— R/5 
(a) (b) 2- (R) (cm.) 
e H 
1 3 C. (ху) Ха—Ху.. 
2 ы a Q2) 
3 .. +, B Qa) Ху Ха=.. 
8 vy vU “(Хо х=... 
Centra’ 
bright — — — 
band (0) 
1 „а e e 2—7з=.. 
2 Qua) 
3 | IS TEILS) —уз= 
8 [623] Ув у= 3): 
LENS cm. 


Calculation: а= РЕ 


(2) In the diffraction fringe system, the dark bands 


Remarks : 
e angular width of successive dark 


are equally spaced. Hence th 
bands should be taken. (2) The width of the slit can be found out 


with a microscone and the result may be compared with that obtained 


from difiraction experiment . For other remarks, see expt no. 3:20. 
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Oral questions 


і. Can you use any other light source in this experiment ? 
Ans. Any monochromatic bui bright source will do. 

^. Should you keep the collimator slit wide 2 

Ans. No; а very wide slit will make the ti 
3. Should you keep the given slit wi 
Aus. No: a wide slit will not рг 


[Quest 


i blurred. 
о 


diffraction fringes. 
ions on Expt 3.20 are also applica. here} 


3.22. Optical activity. 


Polarised fight апі plane of polarisation : Ordinary 
be regarded as transverse waves due lo vibraticns of 


particles 
B medium in diferenti direc- 
tions in a plane perpendi- 
cular to the direction of 
Direction of propagation [Fig 26]. This 
propagation Y beam of light is also called 
unpolarised beam of light. 

c When such unpolarised 
beam of light is passed 

D through a tourmaline crystal, 
it becomes polarised i.e. only 


those vibrations of light which are parallel to the optic axis of the 
crystal are transmitted. 


The plane in which the vibrations of a 
fined, is called the plane of vibration. 
the plane of vibration is 
called the plane of polarisa- 
tion. Їп fig. 26(a) a polarised 
beam transmitted through 
3 tourmaline crystal 4B 
has been shown, A plane 
ABCD containing the 
vibrations of the pola- 


rised beam and passing through OG, the directi 


of the beam is the plane of vibration. EFGH represents the plane of 
polarisation. 


Optical activity : If two nicol prisms N, 
and a beam of monochromatic light be sent 
emerges from the second nicol №. Light 
nicol М, is plane-polarised with vibrations р 


Perpendicular plane 


Fig. 26 


polarised beam are con- 
A plane at right angles to 


and N, be kept crossed 
through them, no light 
» in passing through the 
arallel to principal section 


LIGHT 199 


of N, but as the principal section of М» is perpendicular to these vi- 
brations, the nicol № obstructs the light. If now, a calcite plate Р 
cut with its optic axis perpendicular to its refracting face, be interposed 
between N, and №, no change takes place i.e. light remains obstructed 
by М, as before. This shows that the calcite plate cannot bring about 
any change in the state of polarisation of the beam. If, instead of 
calcite plate, a similarly cut quartz plate be interposed, some light 


will come out of the nicol 
М» [Fig 26(6)]. The light so fF | > 7 № 
can be completely exting- ~] > у^ 
uished by turning the М j P Ny 


nicol № alittle more from 


the crossed position, 
This shows that the beam after coming out of the quartz plate 


remains plane-polarised but the plane of polarisation has turned 
through to some extent. The angle through which the analysing nicol 
М» has to be rotated further in order to obtain complete extinction of 
light, sives the angle of rotation of the plane of polarisation. 


Fig. 26(5) 


The phenomenon is known as optical activity. The substances 
which bring about optical activity are called optically active subs- 
tances. Quartz is an optically active substance but quartz when 
fused loses its optical activity. This shows that optical activity 
depends on the molecular arrangement of the substance. 

Classification : Optically active substances are divided into two 
classes : 

(i) Dextro-rotatory : Rotation is said to be dextro or right- 
handed if, on looking along the path of the beam towards the source, 
the rotation appears to be clockwise. The substances causing dextro- 
rotation are known as dextro-rotatory substances. Some quartz 
crystals, cane sugar eto arc the examples. 


(ii) Laevo-rotatory : Rotation is said to be laevo or left-handeii 
if, on looking along the path of the beam towards the source, the rota- 
tion appears to be anti-clockwise. The substances causing laevo- 
rotation are known as laevo-rotatory substances. Some form of 
quartz crystals, fruit-sugar etc are the examples. 


Half-shade plate : It is a round plate, one half of which 1s made 
of quartz and the other half by glass. The quartz plate is cut with 
its optic axis parallel to the line of contact between the quartz and 
glass and its thickness is such that it introduces a path-difference of 
1/2 between the O- and rays. The quartz plate. in fact, is a half- 
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wave plate. The thickness of the glass plate is such that it absorbs 
the same amount of light as the quartz plate does. 


Bi-quartz : One of the disadvantages of the half-shade plate is 
that it cannot be used with any other wave length of light except that 
for which it is prepared. Bi-quartz is free from this disadvantage, as 
it can be used even with white light. Quartz crystal may be dextro- 
rotatory or laevo-rotatory. А bi-quartz consists of two semi-circulr 
plates of quartz cut from right-handed and left-handed samples. They 
are cut with their optic axes perpendicular to their refracting surfaces. 
The two are joined and cemented to form a circular plete. The thick- 
ness of each plate is such that the wavclength corresponding to the 
yellow colour is rotated equally in the opposite directions through 
90° 

If the incident light be white, different wave lengths of the incident 
light will have different rotation. Only the wavelength corresponding 
to the yellow light will have 90° rotation and will be totally obstructed 
by the analyser. The emergent light in which yellow light will be 
missing, will produce a dim grcy-violct tint in both the halves, which 
is called sensitive tint or tint of Passage. 

If the position of the analyser is slightly towards right or left, 
one half will appear bluish and the other reddish with a marked line 
Separating the two. In order to measure the specific rotation, the 
position of the analyser should be so adjusted that both the halves 
of the field of view get the tint of passage when some optically active 


substance is taken in the tube as well as when the tube contains dis- 
tilled water, 


3.23. Calibration of a polarimeter and hence determination of 
tlie concentration of sugar solution (Mother solution to be supplied) 


Apparatus: Polarimeter with half shade plate or bi-quartz, 
Sodium vapour lamp (for use with half shade plate) or an electric bulb 


(for use with bi-quartz), pipette, measuring flask with graduations in 
c.c., beaker etc. 


Theory: For a given temperature and a given wavelength of 
incident light, specific rotation of a substance is defined as the rotation 
produced by 1 decimeter (i.e. 10 cm) of the substance of unit density 


(for solid) or of the solution of unit concentration (i.e. 1 gm. of the 
optically active substance in 1 с.с. of the solution). 


Suppose 0 is the total rotation of the plane of polarisation of a 


plane-polarised beam when it travels a length of / cm (i.e. dh deci- 


LIGHT 201 


meter) .оЁ a solution of concentration с (i.e. с gm. of the substance 
present in 100 c.c. of the solution). Then f 


БУС: | 
10605 39 (i) 
where s is the specific rotation of the solution. 

It is clear that a graph drawn between 0 and с will be a straight 
line, passing through the origin. From the straight line graph, s 
can be found out. Then if the concentration of a sample of sugar 
solution be not known, the equation (i) above may be used to find 


out the unknown concentration. 

Description of the polarimeter : Fig 27(a) shows the section and 
fig 27(b) the actual appearance of the apparatus. In general, it con- 
sists of-a source of light S, a polariser N, and an analyser № provided 
with a graduated circular scale. The source of light is so placed 
that it is nearly at the focus of a convex lens L, thus providing a parallel 


Fig.. 27(@) 


Beam oflight. The light falls on the polarizing nicol №, which produces 
plane polarised beam. The polarising nicol is immediately followed 
by either a half shade plate or a biquartz H. The analysing nicol 
N, is in front of a low power telescope E. In between the polarising 
arrangement and the analysing nicol, is placed a tube T containing the 
optically active liquid (sugar solution in the present case). The tube 
is closed on both sides by glass plates which are optically worked and 
held at the ends of the tube with metal caps. The analysing nicol 
N, and the telescope Е are together enclosed in a tube which can rotate 
about the axis of the instrument. The angle of rotation is measured 
with the help of the circular scale and the verniers И, and Уз. 


Experimental procedure : (1) Find the vernier constant of the 
verniers. Find the distance between the plane glass plates which 


close the two ends of the polarimeter tube T. ; 

2) Clean the polarimeter tube with distilled water. Fill the 
tube with distilled water taking care that there is no air bubble when 
the end caps have been screwed. Place the polarimeter Веле 
proper position. Put the sodium vapour lamp (in the case of half- 
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shade plate) or a bright electric lamp (in the case of biquartz) 
behind the slit. Looking through the telescope E, one half of the 
field of view in general, is found brighter than the other (in the case 
of half shade plate) as shown in fig. 27(c)] or one half appears red 


Fig. 27(5) 
while the other half blue (in the case of bi-quartz). Rotate the tube 
containing the analyser and the verniers till the two portions of the 
field of view are equally bright (for the half shade) or aquire the same 
tint, called the tint of passage (for the biquartz). Take the reading 
of the position of the.analyser on the circular scale and the verniers 
and compute the total reading. Repeat the observation twice by slightly 
displacing the position of the telescope tube and find the mean reading. 
Suppose the reading given by the vernier V, is x, and that by И, is yy. 


Bright (3) Remove the distilled 
water from the-tube and rinse 

(==) Equally the tube with some of the 

` bright mother solution given to you. 

Fill it completely with the 

Dark Dark solution (say C, %). Take саге 
Fig. 27(c) that no air bubble sticks to 

the inside wall of the tube. Replacing the tube at its proper posi- 
tion, look through the telescope. The previous setting may be dis- 
turbed i.e., the two portions of the field of view are not equally bright 
or are not of same tint. While passing through the solution, the plane 
of polarisation of the plane-polarised light will be rotated and the 
previous setting will be disturbed. Again turn (either clockwise 
or anti-clockwise) the telescope tube till the two portions of the field 
of view are equally bright (for half shade) or ac 
(for biquartz). Take the readings of the vernier 
circular scale. Repeat the operation twice and Compute the mean 
reading. Suppose x, is the reading given by the vernier V, and у; 
the reading given by the vernier V; The rotation of the plane of 
polarisation, in this case, as given by the vernier V, is 0, —(x1 xo) 
and as given by the vernier V, is §2=(),~y,). Find the mean of 


quire the grey-tint 
Scales against the 
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these two rotations, This gives the angle of rotation [040 -02)] 
of the plane of polarisation for the solution of concentration C, hs 


(4) Now, a solution of lower concentration C% is to be pre- 
pared from the mother solution of C1% concentration. Suppose 


n c.c. of distilled water is to be mixed with m c.c. of C1% solution 


С\—Сз ym се. So 
C 


io make the concentration С,%. Then n= 
2 


take m c.c. of mother solution (C, 91) in a pipette and put it in a beaker. 
Rinse the pipette with distilled water and take m c.c. of distilled 
r* in it and mix it with the solution of the beaker. Now, fill 


wate 
up the polarimeter tube with Y 
some of the newly prepared 1 


solution completely and follow- 
ing the operation no. 3 find the 
mean angle of rotation of the 
plane of polarisation. 

(5) Repeat the experiment 
with solutions of different 
strengths - (decreasing the 


strength by steps of 2% from (02 4 688 ш E X 
say 16% to 4%). Plot —— Concentration 


a graph between the angle of Fig. 27(d) 
rotation along the Y-axis and the concentration along the 


— Angle of rotation 


*C,% of a solution, by volume, means that there are C, gm of sugar in 100 c.c. 


2n . ТС 
yf the solution. So m c.c. of the solution contains 100 gm of sugar. И n сс. 
Р à mo, 
is mixed with m С.С. of the solution, then there will be ПОП gm. 


of distilled water 
of the solution. Hence, 100 с.с. of the solution 


of sugar in (m+n) ce. 
Ё maxilo ___ тё gm. This is C1% solution. In other words, 
contains rep) ^ mn 
LIB = сре хит 
а 7 са ; 
solution is to be converted into 10% solution. The 


Suppose 25 с.с. of 12% (121) 


Пед water to be mixed is-—3195 х25=5 с.с. and the 


required volume of disti 


volume of this solution =25+5= 30 c.c. 
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X-axis. The graph is a straight line - passing through the origin 


Па. 27(d). Take any point A on the Straight line and 
draw a perpendicular АВ оп the X-axis. AB represents 
a certain angle of rotation (0) and OB the corresponding 
Strength (c) of the solution. Putting these values in equa- 
tion (1) of the theory, the specific rotation (5) can be 


calculated. The straight line graph is called the calibration curve 
of the polarimeter. 


(6) Now throw away the solution of the polarimeter tube. Clean 
the tube several times with distilled water and rinse it with some of the 


8 this value of the angle of rotation in 


eqn. (i) of the theory, calculate the Strength of the solution. 


Measurement : (а) Determination 


Of the vernier constant of 
the polarimeter (Data for illustration) : 


Value of 1 smallest division of the circular всаје—19 


10 vernier divisions—9 smallest divisions of the circular scale 
or, 1 2 


» » 710 » » » » 


-. Vernier constant=(1 5) =p ofa degree=6 minutes, 


(b) Length of the tube ()=() 20 cm. (ii) 20 cm. (ii) 20 сш. 
Mean length —20 cm, 


(c) Wave length of light used (for half shade plate) =... 4» 
(d). Temperature at the time of experiment... °C, 
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(f) Preparation of stock ‘solution of C,% (16%) strength : 


Mass of sugar | Volume of | Volume of Strength 


taken distilled solution c=” 

(m gm) water (V) Np. 
added x 10097 

10 gm+5 gm-++1 gm 2956.0: 100 c.c. 169; 


=16gm 


(g) Preparation of solutions of different strengths from the stock 
or mother solution. 


Concentra- Volume of Strength of | Volume of 
tion required | stock solution | stock solution | distilled water to 
taken (C95) be added 
(т) n—|G-— сз) x туус, 
с.с. 
zd (ал А" 

C2% (14%) 42 се. 16% em 
C, (12%) 48 c.c. 14% $c 
С,% (10%) 40с.с. 12% Bae 
С, (8%) 32с.с. 10% 09 
Ce % (6%) 30 c.c. 8% howe 
a .©. 
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Calculations : (i) From the graph : 


Strength (ОВ)=... (C) 
Angle of rotation (48)... (8) 


(ii) From the table (j), 0=... °С 
1000.6 
©су са E 
From the graph, C= 94 
Proportional and percentage error (For Honours course] 
The specific rotation is ‘given by, 
. 1000.8 1000.8.V 


5 -= = 
HG Lm 


Im-—zmess of Sugar and V=yolume 


of the solution] 


Maximum proportional error is given by, 
3) _ 80 8) V èm 
Sman О 
In one case, the following data were obtained : 
0—22:15 80= 15 of a degree=0'1 [V.C. of the scale] 
1=20 ст. 8/=1mm=0:1 ст, 
т=16 вт. 3m—1 mg=001 gm. 
V—100 c.c. S8c=0'l c.c. (minimum measure in the graduated 
Е cylinder) 
Substituting the values in the above equation, 
55 ОЛО О :001 
(С)... 2215720 100 ^ 16 
=0:0045--0:005--0:001--0:00006 
=0:01056 


Yo exror=(*2) х100%=1:0% 
S max 


Remarks : (1) The angle of rotation of the plane of polarisation 
depends on the temperature of the solution. So, while measuring 
the angle of rotation produced by solutions of known and unknown 
Strength, temperature of the solutions should be recorded and men- 
tioned. (2) While filling up the polarimeter tube with Solutions, 
care should be taken so that no air bubbles enter into the tube. (3) If 
half shade plate is used, the wavelength for which it is effective should 


. DP.P.—i4 
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be mentioned. (4) The cap of the tube containing the solution should 
not be tightly screwed to avoid straining of the glass. Strained glass 
is likely to produce elliptic pelarisation which will interfere with the 
setting of the analysing nicol. 


Orai questions 


1. What do you mean by optical activity ? 

Ans. When a plane polarised iight passes ihirough some substances (solid 
or liquid), its plane of polarisation is found to rotate through certain angie. This 
phenomenon is called optical activity. 


2. What is specific rotation ? 
Ans. See theory 
3. Does the specific rotation depend on temperature of the opicaily 
active substance ? 
Ans. Yes; for liquids, specific rotation decreases with the increase of tem- 
perature but for solids, specific rotation increases with the increase of temperature. 
4. Is optical activity for all substances alike 2 
Ans. No ; for some substances such a5 cane sugar, quartz ete, the rotation 
of the piane cf polarisation is clockwise while for some other substances such as 
fruit sugar etc, the rotation is anticlockwise. 


5. Does optical activity depend on the molecular arrangement of the opti- 
cally active substance ? 

Ans. Yes; Quartz, in its solid state, is optically active but when fused. it 
ceases to be optically active. Таб shows that optical activity depends on the mole- 
cular arrangement of the opticaliy active substance. 

6. What practical application of optical activity do you know 7 

Ans. In sugar factory, optical activity is applied in finding the percentage of 
sugar present in cane juice. 

7. What do you mean by poiarisation of light ? What is plane of ро!агіѕа- 
tion ? 

Ans. Consult any text book. 

8. Should you use white light for helf-shade plat» 2 

Ans. Half-shade plate is effective for a particular wave length of light. ,So 
instead of white light, the light of given wave length should 5e used. 


9. What do you mean by dextro and jeavo-rotation 7 

Ans. See page 199. 

10. What is the harm if there be air bubbles in the polarimeter tube ? 

Ans. Due to reflection ard refraction of light at the bubbles, light may go 
from one half of the field of view to the other and thus disturb the setting of the 


analyser. 
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4.1. Magnetometers : 

The instruments: ordinarily used for magnetic measurements 
are called magnetometers. They are employed to (i) compare the 
magnetic moments of two magnets and (ii) to determine the earth’s 
horizontal intensity. 

(a) Deflection magnetometer : 

It is provided with a very short magnet N—S pivoted at the 
centre [Fig. 28] of a circular scale graduated in degrees and divided 
into four quadrants, each running from 0° to 90°. А long, light 
aluminium pointer PP is fixed to the magnet at its centre and per- 
pendicular to its length so that the tip of the pointer moves over the 


Fig. 28 


graduated scale. Any rotation of the magnetic needle can be easily 
recorded by the corresponding rotation of the pointer on the scale. 
To avoid parallax, a strip of circular mirror (plane) is fitted beneath 
the pointer. While taking a reading, the eye is placed in such a way 
that the image of the pointer is 
hidden by the pointer itself. Tae 
scale and the magnetic needle are 
enclosed in a wooden box having a 
glass cover at the top. Two long 
arms А and B are attached to the 
wooden box and they carry scales 
graduated on them to read dis- 
iances from the pivot. 


(b) Vibration or oscillation 
magnetometer : 
It consists of a wooden box А 
fitted with glass windows on the 
sides [Fig. 29]. There are two slits 


M, M, at the top to see the vibra- Fig. 29 
tions of the magnet У —S placed on the hanging stirrup C. The stirrup 
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is suspended by means of an unspun silk thread connected to tiie 
torsion head H. The torsion head can be rotated to adjust the posi- 
tion of the magnet. A plane mirror fitted at the base of the box helps 
to count the number of vibrations of the magnet avoiding error due to 
parallax. А line РО is marked on the mirror parallel to the length 
of the box and is at the middle of the box. 

When a magnet is placed horizontally on the stirrup and there 15 
no torsion in the suspension thread, the magnet will face north and south 
along the magnetic meridian with the line PO coinciding with the axis 
of the magnet. If it is now set into oscillation, its time period of 


oscillation is given by там Г 


where, [= moment of inertia of the bar magnet about the suspen- 
sion as axis 
M=magnetic moment of the bar magnet 
H=horizontal component of earth’s magnetic intensity. 


4.2. Determination of the moment of a magnet and horizontal com- 
ponent of Earth's magnetic field by magnetometers : 


Apparatus : Deflection magnetometer, oscillation magnetometer, 
two bar magnets, (one of them is the experimental bar and the other 
auxiliary bar), a magnetic compass needle, stop-watch, slide-calipers, 
balance, weight box etc. 


Theory: М—5 is a'bar-magnet whose magnetic length is 2/ 
H mH 


and magnetic moment is M. 
It is kept with its axis perpen. 
dicular to the magnetic meri- 
Dor MESE d------- 1 dian (йе., along east-west 
direction). А small compess 
needle n—s is kept at О at 
a distance d from the centre 
of the barmagnet [Fig. 30]. 
The compass needle under 
the influence of the hori- 

Fig. 30 zontal intensity H of the 
earth's magnctism and the intensity F of the bar-magnet, is at 
rest, having an inclination 0 with the magnetic meridian. Under 
this condition, it may be proved that 

Ме: (d Ds. .tan 9 
un s 2d, 


S 
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с If the bar-magnet be suspended freely in the magnetic meridian 
with its north pole pointing north and be set into oscillation with small 
emplitude гђош a vertical axis, then its time-period is given by. 


Ti DTN ee ОГ; 
MH 
where J=moment of inertia of the bar about the vertical axis 


= Mass of the bar (Ms) x [(length)?-- (breadth)?] 


If ћ be the geometrical length of the bar magnet, p< 0785 
2 


12 
М, ИЕ a 
= m. (hb) .. (1) 

2 2,41 et) 
| = Ye 
dence, Иру V те (iii) 

250028) Пла), Gy 


and М 
Т 2d 


Description of tne apparatus : See art 4.1. 

Experimental procedure : (1) Find the mass (Му) of the experi- 
mental bar-magnet by a balance. Also find its length (4) and breadth 
(b;) with the help of a pair of slide calipers. Calculate, from the equa- 
tion (ii) of the theory, the moment of incrtia (Г) of the bar. 

(2) Remove all the magnets and magnetic substances far away 
from the working table and place the deflection magnetometer on the 
table. The magnetic пеге of the magnetometer will lie in the mag- 
netic meridian along the north-south direction. Now turn the instru- 
ment in such a way that the arms А and 8 of the magnetometer are 
perpendicular to the magnetic meridian (i.c., along east-west direction) 
or to the length of the magnetic necdle. In this condition the pointer 
attached to the magnetic needle should read 0°-0°. If the pointer 
—0°, turn the circular case of the magnetometer and 
Jine with 0°—0° divisions.” у 
е bar-magnet on the arm A (which is on the 
f the scale with’ its north pole pointing west- 


does not read 0° 
bring the pointer in 
(3) Now place th 
east side) by the side o 
* In the following simple way it can be tested whether the arms 4 and B are 
Place the bar-magnet on any arm with its 

axis parallel to the length of the arm and its north pole pointing towards the meg- 
netic needle. Note the deflection of the needle. Keeping the position of the bar- 
magnet fixed, turn its south pole towards the magnetic needle. Note the deflection. 
If the two deflections are equal, the arms of the magnetometer are perpendicular 


perpendicular to the meridian line : 


to the meridian line. 
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ward. Adjust the position of the bar-mzgnet so that the dettectio: 
of the pointer is about 45". Note, from the circular scale, the vead- 
ings corresponding to both the ends of thz pointer. 

(4). From the scale attached with the erm of the magr 
note the rezdings corresponding to the two ends of the b. 
Suppose the scale readings are «опа dy. So, the distance of 
of the bar-magnet from the centre ofthe magnetic needle d МА 4). 
Keeping the position of the bar-magnet uri ged, turn it upside down 
and note the readings on the circular scal of the two ends of the pointer. 

Keeping the position of the bar-magnet still unchanged, make 
the north pele of the bar-maznet р int towards cast (i.c. reverse the 
positions of the polarities of the bar-magnet).  Agein note the read- 
ings of the two ends of the poimer from the circuiar scale. Мом, 
turn the bar-magnet upside down again and record the readings given 

by the two ends of the pointer. Note that eight readings are obtained. 
by these operations. 

(5) Now place the bar-magnct о the erm B (which is са the 
west side) with its north pole pointing eastward. Make the distance 
between the cenire of the bar-magnet and the centre of the r:agnetic 
needle equal to d as before. Following the operations (3) and (+), 
get another sct of eight readings. Find the meen of all these sixteen 
readings. This gives the correct value of 0. 

(6) Removing the deflection magnetometer far away, bring the 
oscillation magnetometer on the working table. Remove also other 
magnetic substances or magnets if there bc 2ny near by. Place a 
compass needle near the magnetometer box. Set the box in such а 
way that the line PO drawn on the mirror at the bottom of the box is 
parallel to the axis of the compass пссдје. By turning the torsion 
head H at the top of the box, set the stirrup parallel to the line РО. 

(7) Place the bar-magnet on the stirrup with its north pole poin- 
ting north. The bar-magnet will lie along the magnetic meridian. 
Close the glass window cf the box and bring the norih pole of an 
auxiliary bar magnet close to the north pole of tne suspended magnet 
(the auxiliary ber magnet will, of course, remain outside the box). 
Remove the auxiliary bar-magnet as soon as the magnet inside the 
box starts oscillating. Note, with the вер cf astop-watca the time 
taken for 20 coraplete oscillations (successive crossings of tie line PO 
in the same direction by a particular corner of the bar-magnet тау be 
seperately regarded 2s one complete oscillation). Find the time- 

period (T) of oscillation by dividing the total time by the total number 
of oscillations. Repeat the operation twice and find the mcan value 


of the time-period. 


netometer, 
magnet, 
the cantre 
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Moment of inertia of the bar @=12 (25,7) =. .. gm-cm? 


(b) Half the magnetic length of the bar-magnet (N= 4 0:85) =... ста. 
(à. Measurement of d : 


Scale Reading | Scale Reading || 
corresponding to | corresponding to | 4= 14-4) 
= опе cnd of the bar the other end cm 
(cm) : (cm) | 
а) | NT 


(d) Measurement of 0 from the deflection magnetometer readings : 


Deflection of the pointer (in dgree) 


Position of the 
poles of the Bar-magnet on the | Bar-magnet on the 
bar-magnet arm A | arm B 


| o End I | End N 


N-pole | 
pointing west i 
i 


with N-pole 
pointing-west 
EES E 
S-pole 
pointing west 
pm 


| 
Bar upside down am 
| 
| 
| 
| 


ur 
d Ew 
| 
| 
PRU rd 
| 
| 


Bar upside down 


with S-pole 
pointing west 
(e) Measurement of the time-period of oscillation : 
me ју e — eMe" 
Time for 20 com- | Time period Mean 


| 
| 
: plete oscillations | (sec) ` Time 

| (зес) period (7) 


Y 
EIRE 


ELI 


No. of 
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Calculations : (i) Нату Ое. 
2x(d* — [5 "tan 0 
2z(d*—D)AJI.tanO _ |, dyne-cm/Oe. 


d) М= т = 

Remarks : (1) If the length of the bar-mugnet is 5 cm/6 cm or 
more than that, slide-calipers can be dispensed with and a metre scale 
сап be used to measure the length. Further, magnetic length of the 
par (/) can also be taken to be equal to its geometrical length (ђ). 
It will simplify matters without incurring much error. (2) The bar- 
magnet should have sufficient strength ; for in that case the values of 
0 and d may be large and the error in their measurement will be small, 
(3) While working with a magnetometer, all magnets and magnetic 
substances should be removed far away. There should not be any 
current-bearing wire near by. (4) The value of d should preferably 
be much larger compared to the length of the bar-magnet (5) 
While oscillating the bar-magnet in an oscillation magnetometer, 
the amplitude of oscillation should be small); it should be within 
7'/8". (6) While keeping the bar-magnet on the stirrup care 
should be taken so that the suspension wire may pass through the 
C.G. of the bar. (7) In the measurement of М/Н, thi deflection 
045°. gives minimum error. This is why the distance of the bar- 
magnet from the centre of the magnetic needle is so adjusted that 
the deflection is nearly 45°. At the same time the value ‘d’ should, 


by no means, be small. 


Oral questions 
What is magnetic moment ? Is the magnetic moment of a bar magnet 


of the earth ? 
Ans, Consult any text book. The magnetic moment of a bar magnet is same 


at all places of the earth provided its pole strength and length remain unaltered. 
2. What is the magnetic length of a bar magnet ? What is its relation with 


the geometrical length of the bar ? | ; ; 
Ans. The distance between the poles of a bar-magnet is called its magnetic 


length. Magnetic length —0-85 times the geometrical length. 
3. Can the experiment he axis of the bar-magnet set parallel to 


the magnetic meridian ? 
Ans. No ; in this Cas! 
horizontal component of earth's тај 
applicable. 
4. What is the tangent law ? : a 
Ans. Ifa magnet is freely suspended or pivoted in two mutually perpendi- 
cular magnetic fields H and F then the angle 0 made by the axis of the magnet in 


1. 
same at all places 


be done if t 


d due to the bar-magnet will be parallel to the 


е, the fiel 
gnetic field and the tangent law will not be 


ИМ 6 
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its equilibrium position with the direction of the field H is given by, tan д=н 
This is known as the tangent law. 

5. Can the experiment be done with the bar-magnet kept at the tangent-B 
position with respect to the magnetic needle of the magnetometer ? 


Ans. Yes; in that case the equation 5: М/Н = (аз). {ап 0. 


6. Why is there a strip of plane mirror in the magnetometer ? 

Ans. To avoid parallax error while taking the pointer reading. At the time 
of reading the pointer, the суе should be so placed that the pointer may just cover 
its image formed by the plane mirror. 

7. Why is the mirror circular in shape ? 

Ans. The tip of the pointer moves along the circumference of a circle. The 
circular shape of the mirror helps us to see the image of the tip in all positions. 

8. Why do you take readings of both the ends of the pointer 7 

Ans. To avoid eccentric error ; if the centre of the circular scale does not 


coincide with the centre of the magnetic needle, the reading of the pointer will entail 
eccentric error. 


9. Why do you take readings by turning the bar-magnet upside down 7 
Ans. If the geometric axis of the bar-magnet does not coincide with the mag- 


netic axis, some error comes into the reading which can be removed by taking readings 
with the bar-magnet turned upside down. 


10. Why do you take readings by reversing the positions of the poles of the 
bar-magnet ? 

Ans. If the magnetism of the bar be not uniformly distributed throughout 
the length of the bar, some error is likely to enter in the reading. Error may also 
come if the axis of the bar-magnet is not exactly perpendicular to the magnetic 
meridian. These errors are eliminated if readings are taken with the positions of 
the polarities of the bar-magnet reversed. 

11. Why are reading taken with the bar-magnet placed on both the arms of 
the magnetometer А and B? 

Ans. Error may enter if the 0-mark of the scales attached with the arm is 
not coincident with the centre of the circular scale. The error is eliminated if read- 
ings are taken with the bar-magnet placed on the arms A and B. 

12. Why is the deflection of the neeaie made nearly 45? ? 

Ans. See remark no. 7. 

13. What is the horizontal component of earth's magnetism ? What is its 
unit ? Is the value of the quantity same all over tbe earth ? 

Ans Consult any text book. Its unit is Oersted (Oe). Its value is not the 
same all over the earth. 

14. What should be the amplitude of oscillation of the bar-magnet 7 

Ans. See remark no. 5. 
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4.3. Determination of the angle of dip by earth-inductor : 


Apparatus: An earth inductor, а ballistic galvanometer, lamp 
and scale arrangement, а magnetic compass needle, resistance box. 


flexible twin cord etc. 


Theory : The total intensity of the magnetic field of the earth 
at any place may be resolved into horizontal and vertical components. 
Hence, at any place there are two kinds of lines of force due to earth's 
magnetic field : (i) lines of force extending north and south due to 
horizontal component (H) of the earth’s magnetic field and (ii) lines 
of force extending up and down due to vertical component (V). 
Keeping the plane of the coil of the earth inductor, at first, perpendi- 
eular to tae vertical lines of force, if the coil be suddenly turned 
through 180°, some electric charge flows through the coil and the circuit 
connected with the coil. It can be shown that the charge 4 is given by, 


2n A.V 
R 


where n=number of turns of the inductor coil ; A=face area of the 


coil and R=total resistance of the circuit. 


If, now, à ballistic galvanometer* be joined in series with the 
the charge q will also flow through the galvanometer 


inductor coil, 
(in radian) of the galvanometer coil given by, 


producing а throw 0; 
АЎ (1442)... 0) 
R 
where A=log decrement of the galvanometer and K=its reduction 
factor. 


* For description of ballistic galvanometer, see page 233. 
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The plane of the inductor coil is now held at right angles to the 
horizontal lines of forces and suddenly rotated through 180°. If the 
throw of the ballistic galvanometer now be 02, then 


= — 61442) ... Gi) 


9 А 
Dividing (i) by (ii), we get, p. = gis where d,=the displacement 
H 9. d, 
of the spot of light in the first case and d,'—the displacement in 


the second case. 


If 3 be the angle of dip at the place, then tan = 
а 
tan 5==. 
an d, 


Further, a graph between d, and d,’ will be a straight line passing 
through the origin and the slope of the straight line will be equal to 
tan 8 from which 3 can be found out. 


Description of the earth-inductor : It consists of a circular wooden 
frame on which insulated copper wire is coiled (C). The number of 
turns of the coil varies from 1000 to 5000. The coil can rotate about 
a vertical diameter [Fig. 31]. With 
the help of two suitable stops, 
the rotation of the coil about the 
vertical diameter is confined within 


б 180°. The handle Н is used to 
2 rotate the coil. The frame itself can 

|| p М rotate about а horizontal axis defined 
y т by fixed pivots at Р and M.A 
@ 7 circular scale Р provided . with the 


frame denotes whether the plane of 
of the coil is vertical or horizontal. 
The two ends ofthe coil are connec- 
ted to two slip-rings (5,5) [Fig. 
31(a)] which are again connected to 
Fig. 31 two terminals 7, and T, fixed with 

the rectangular frame. This helps 

coilto rotate, yetthe two ends of the coil maintain connection with 


the 
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the terminals Ту and Т. When the axis of rotation of the coil is vertical 
the circular scale P reads 90° ; when the axis of rotation is hori- 
zontal, the scale reading is 0°. 

Experimenta! procedure : (1) Connect a ballistic galvanometer 
Gand a resistance box Rin series 
with the terminals T, and Ta of the 
earth inductor as shown in fig 31 (a). 
Keep the earth-inductor sufi- 
ciently away from the galvenometet 
so that the magnet ot the galvano- 
meter may not have any influence 
on the earth-inductor. To ensere 
it, keep a compass needle near the 
earth-inductor and see whether the 
needle freely points to north-south 
direction. Put a resistanes 11 the 
resistance box greater than the G 
critical damping resistance (ге. R 
C.D.R.) of the ballistic galviti0- Fig. 31(a) 
meter. 

(2) Ascertain: the direction of the magnetic meridian with the 
help of á compass needle and draw two lines by & piece of chalk on 
the table—one parallel to the meridian line and the other perpendicular 
to it, Removing the compass needle, place the earth-inductor in its 
position so that the axis PM of the frame coincides with the line 
perpendicular to the magnetic meridian. The axis PM will evidently 
lie along east-west direction. Turning the rectangular frame, make 
the plane of the coil horizontal [Fig. 31(@]. In this position, the 
circular scale reading will be 0°. 

(3) Adjust the position of ‘the scale of the lamp and scale arrange- 
ment’ so that the spot of light reflected by the mirror of the galvano- 
meter may coincide with the zero mark ofthe scale. Now ріуса quick 
rotation to the inductor coil through 180* with the handle D [fig. 31(a)]. 
There will be a sharp deflection of the spot oflight. The deflected spot 
may go out of scale. Insuch cases, the resistance of the box R should 
be increased inorder to keep the deflection within scale. When the 
resistance is adjusted and the spot of light returns to the zero-mark 
of the scale, again rotate the inductor coil quickly through 180° and 
note the deflection of the spot of light. The spot of light will come 
back to the zero-mark after а few oscillations. Then again rotate the 
сой, in the opposite direction, through 180° and note the deflection. 
Take the mean of these two deflections (d). 
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(4) Now, turning the rectangular frame, make the plane of the 
inductor coil vertical. The 
axis PM of the frame will 
remain along east-west 
direction as before  [Fig. 
31(b)]. In this position, the 
circular scale Р wil] read 
90°. Rotate the coil quickly 
through 180° by the handle 
and note the deflection 
of the spot of light. Simi- 
larly rotate the coil through 
the same angle in the oppo- 
site direction and note the 
deflection. Find the mean 
of these two deflections 


г 


Fig. 310) 


1"). 
Calculate the value of $ from the values) of d; and d,’ with the 


help of a tangent table. 
(5) Changing the resistance of the circuit, rcpeat the whole 


operation five or six times, and find the meen value of 3 from these 


Observations. 


5 from the graph : 

(6) Suppose the mean deflections obtained from five obser- 
vations with the plane of the coil Y 
horizontal are d,, d», ds. .etc. Simi- 
larly let the deflections with the plane 
of the coil vertical be d,', Ф, ds'.- 
etc. Plotting the former deflections 
along the Y-axis and the Jatter 
deflections along the X-axis, а straight 
line AB will be obtained. The 
straight line will pass through the 


origin O [Fig. 3X9. Take any o dm X 
point C on the straight line and г 
draw two perpendiculars CD and Fig. 31(c) 


ћ tan па en 
ED. Then, 7,” ED 


(T) Compare the value of 3 obtained earlier with that obtained 
from the graph. 
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Table for drawing graph (Data taken from the previous table ) 


Mean deflections when | 


the coil is horizontal 
—— 


(а) 


Mean deflections when | 
the coil is vertical | 


— (а) 


From the graph —CD-—.. ст. 


ED--..cm 
tan 3 GD) e 
ED 
OL Oca 


Remarks: (1) Rotation of the inductor coil should be effected 
quickly and exactly through 180° (2) The magnet of the ballistic 
galvanometer should not cause any influence on the inductor coil 
(3) A flexible twin cord should be used to connect the earth inductor 
to the ballistic galvanometer. If two separate connecting wires are 
used, then they may add to the face area of the coil, producing error 
in the deflection of the galvanometer. (4) A key should be included 
in the circuit and the key should be closed only when the inductor 
coil is rotated. If permanent connection is made, a slight change in 
the position of the earth-inductor coil causes a deflection of the spot 
of light. It will be difficult, in that case, to bring the spot of light 


to the zero mark of the scale. 


Oral questions 


1. What is angle of dip ? Is it same all over the earth ? 

Ans. The total intensity of earth's magnetic field at any place can be resolved 
into two components—one horizontal and the other vertical. The angle made 
by the horizontal component with the direction of the total intensity is called the 
angle of dip at that place. It is not same at all places of the earth. 

2. What quantity do you measure by an earth-inductor ? 

Ans. The angle of dip at a place is measured. 

3. Why do you rotate the inductor quickly ? 

Ans. According to the laws of electromagnetic induction, 


nal to the rate of change of flux linked with the coil ( 4). То 


the induced e.m.f. 


is proportio: 
get the full value of the induction, the coil is to be rotated very quickly. 
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4. What is the difference between the ballistic galvanometer and a dead-beat 
type galvanometer ? ў 

Ans. See page 231 & 233. 

5. Should you take a large number or a smaller number of turns in the coil 
of the inductor ? 

Ans. A larger number is preferable. Larger the number, greater is the de- 
flection of the galvanometer. 

6. What is the harm if the inductor coil is rotated through 360° instead of 
180° ? 

Ans. No deflection will take place in the galvanometer. Current will flow 
through the galvanometer in one direction for 0°--180° rotation while current flows 
in the opposite direction for 1807-360? rotation. As a result, the galvanometer 
coil remains in its rest position. 

7. No battery is used in the experiment. Still then a current flows through 


the galvanometer. How is this possible 7 
Ans. When the inductor coil is quickly rotated, the number of енени 


Пих due to earth’s magnetism linked with the coil changes and according to Faraday's 
law of electromagnetic induction, an e.m.f. is induced in the circuit. This tran- 
sient e.m.f. causes a flow of current in the circuit. 


D.P.P.—i5 


ИГ 
5. ELECTRICITY 
_———————-—-——-— 


5.1. Electrical accessories and measuring instruments 


(a) Resistance apparatus : (i) Variable resistance or Rheostat : 


With its help, the resistance of a circuit can be varied at will. 
It is an essential instrument for current control in a circuit. Fig. 32 
shows a rheostat. In this instrument, а wire of high specific resistance 
(generally nickelin) is wound over a non-conducting cylinder like 
slate or porcelain cylinder. The turns of the coil are not in contact 
with cach other. There is a metal rod R over the coil and along the 
rod a slider S can slide always 
keeping contact with the coil. 
There are two screws—one at 
the end of the rod R and the 
other at the end of the coil. 
If a circuit be connected between 
the screws, current will flow in | 
the direction as shown by arrow 

Fig. 32 head. So, if the slider be | 
kept at the extreme left end of the cylinder, the entire resistance of 
the coil will be included in the circuit. Again when the slider is kept 
at the extreme right end of the cylinder, the resistance is cut off. Thus, 
by keeping the slider at various places, resistance can be altered at 
will. 

(ii) Resistance coil and Resistance box: For various electrical 
works, resistances of fixed magnitude are necessary. Such block 
resistances are known as resistance coils [Fig. 
33]. These coils are made of manganin or 
constantant wire and their resistances are either 
multiples or sub-multiples of 1 ohm. These 
wires are covered by silk and are wound over 
а bobin, which is placed within a cylinder 
made of some non-conducting material. The 
free ends of the wire are soldered to two 
screws on the top of the cylinder. Resistance 
coils of different denominations are available 
and their magnitudes are engraved on top of the cylinder. 


A resistance box may be regarded as an assemblage of a number 


Fig. 33 
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of resistance coils of different magnitudes connected in series [Fig. 3 3(a)]. 
The free ends of each coil are soldered to two adjacent pieces of brass 
blocks which are kept a 
little apart. These brass 
blocks are fixed on an 
ebonite plate. The magnitude 
of each resistance coil is 
engraved by its side on the 
ebonite plate. If a plug is 
taken out, the resistance of 
that coil is included in 
the circuit. Thus by taking 


| 


Fig. 33(a) 
out various plugs, the resistance can be altered. 


(b) Keys : Keys of various types are in use for starting or stopping 
electric current in a circuit. Their descriptions are given below. 

(i) Plug Key: Fig. 34 shows a plug key. A and В are two 

thick metallic blocks fixed on an 

ЕР. ebonite plate, a little apart from 

each other. A plug P can fit in the 

Ebonite plate space between the blocks. Two 

screws Sj and S; are fitted with the 

blocks. If a circuit 15 connected 

between the screws and the plug P 


inserted, the circuit becomes com- 
Fig. 34 plete. When the plug is taken off, 
the circuit becomes broken. Plug 


Keys are generally used when a continuous current is to be sent. 
(ii) Тар key: Fig. 34(a) shows а tap key. Two screws 5; 
and 5; are fitted on an ebonite base. 
There is a springy brass strip 
P attached to the screw Sa, which 
is provided with a cap at one end. 
When the cap is pressed, a pin at its 
botton may come in contact with 
а button on the ebonite base. The 
button is connected with the screw 
S, by a wire at the bottom of the base 
(shown by dotted lines) ^ When 
a circuit is connected between the TR 
screws S1 and 5; and the cap is ig. 34(a) 
pressed, the circuit is completed. When the cap is released, the spring 


228 DEGREE PRACTICAL PHYSICS 


action of the strip will, at once, cause the strip to move up and the 
circuit is broken. Tap keys are used when current is to be sent in 


a circuit repeatedly for short duration. 


(iii) Switches: Fig. 34(b) shows a switch. Switches are ge- 


nerally used in household electrical circuits 
regulating fans and lights. With its help, current 
can be sent or stopped very quickly. Sometimes, 
in electrical experiment current is drawn from 
the mains. In such cases, switches are used 
in place of ordinary plug keys. 


(c) Commutators : Sometimes, "ће direction 


of current ina circuit requires reversal. This 

Fig. 34(6) is done by an apparatu. known as commutators. 

(i) Plug commutator : This type of commutator is frequently 

used in a laboratory. Fig. 35 shows a plug commutator in which 


A, В, С and Р are? four thick brass 
blocks fitted on an ebonite base E. 
The blocks have got four gaps among 
themselves. No. 1 and 2 signify two 
such gaps and the gaps no 3 and 4 are 
closed by two plugs P and Q. The 
plugs can also be put in the gaps 1 
and 2. The circuit in jwhich the 
direction of current is to be reversed, 
is connected across the two diagonal 
screws fitted on to the blocks and the 


Fig. 35 


terminals of a cell are joined to other two diagonal screws. Having 


Fig. 35(a) { 
to the screws D and В [Fig. 35(a)]. Plugs are first put in the gaps no. 


made such connections, if the 
plugs P and Q are put in the 
gaps 3 and 4, current will flow 
in the circuit in one direction 
and if the plugs are now put in 
the gaps 1 and 2 instead of 3 
and 4, the current will flow in 
the opposite direction. 

To understand the action, 
suppose the terminals of a cell 
E, are connected to the 
screws A and C and those 
of a circuit R are connected 
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1 and 2. In this case, current from the cell arrives at A, then flows 
through the plug no. 2 to D and afterwards through the external resis- 
tance R to the point В and finally through the plug no. 1 to the point 
C and thence back to the cell. This direction of flow has been shown 
in the fig. 35(а) by continuous arrow head. 


Now, the plugs are to be put in the gaps по. 3 and 4. Consequently 
the current arriving at A, goes to the point B through the plug no. 3 
and then through the external resistance R to the point D and finally 
through the plug no. 4 to the point C wherefrom the current goes back 
to the cell. This direction has been shown by broken arrow head. 
Evidently, this direction is reverse of the previous direction. 


(ii) Phol’s commutator : Fig. 35(b) shows the sketch of a Phol’s 

commutator. Six holes are bored on an ebonite platform and the 
holes are filled up with clean mercury. Each mercutw hole is connected 
to tne nearest terminal by wire passing below the ebonite platform. 
А metallic rocker with six legs is placed on the platform in such a way 
that the legs dip into the 
mercury of six holes. The 
two middle legs of the rocker 
are slightly longer in length 
than the other four legs. 
As a result, when the rocker 
remains at rest, four of its legs 
come in touch with the 
mercury, the other two remain- 
ing slightly above the mercury. 
There is a handle H made of 
ebonite on the top ofthe rocker. Fig. 35(b) 
The rocker may be rocked this way or that way by giving suitable push 
to the handle. The mercury holes which are connected to the ter- 
minals А, and С, are again cross-connected by a short but thick copper 
wire. Similarly, the mercury holes which are connected to the ter- 
minals А, and C, are also cross-connected by a similar copper wire. 
The cross-connectors are, however, insulated from each other. 


The two poles of a battery are connected to the terminals B, and 
B, of the commutator and the ends of the circuit through which the 
current needs to be reversed are joined to 41, As ог C,, С, When 
the rocker is pushed towards the leftas shown in fig. 35(b), the current 
flows through the circuit in one direction but the direction is reversed 
if the rocker is pushed towards the right. 
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Fig. 36 explains this process of reversal clearly. When the 
rocker is pushed towards the terminals A, and А», the terminal B; 
becomes directly connected with А, and the terminal В, with Ae 
and the current flows in a counter clockwise direction (shown by 


[Ө] Fig. 36 (11) 
arrow heads) in the circuit [Fig. 36(i)] -When the rocker is pushed 
towards the terminals C, and Cs, the terminal B; becomes directly 
connected with С, and the terminal By with C, and the current flows 
in the circuit in the clockwise direction [Fig. 36(1i)]. 


(d) Measuring instruments : 
() Ammeter: With the help of this instrument, current іп а 
circuit can be measured directly 
in amperes. It is a galvanometer 
of very low resistance [Fig. 37(i)]. 
It is graduated in amperes and 
subdivisions of amperes and 
а pointercan move over the 
scale. Two terminals marked + 
and — are provided with the ins- 
trument. Ammeter is to be connec- 
=== ted in the circuit always in series 
and the positive pole of the cell is 
Appeler to be joined with the terminal 
Fig. 3766) marked--and the negative pole © 


the cell to the terminal marked —. 


(ii) Voltmeter : With the help of this instrument, the p-d- 
between two points in a circuit can be measured directly in volts. It 
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is also а galvanometer but of very high resistance [Fig. 37(й)]. Like 
an ammeter this instrument is also provided with a scale and a pointer. 
The scale is graduated in volts and 
submultiples of volt. The instru- 
ment is to be connected across two 
points whose p.d. is wanted. The 
ierminal marked + 15 to be con- 
nected to the high potential point 
of the circuit. 


(ИГ) Szaspended coil galvano- 
racter : In this galvanometer, the 
coil is suspended freely, and can 
rotete in a uniform magnetic field 
produced by à permanent magnet. Fig. 37(i) 

The instrument is very sensitive and can measure current as low 
as 1079 ог 10-7° ampere. 


Voltmeter 


The instrument consists of a rectangular coil ABCD of several 
turns of fine copper wire wound on a light metallic (brass or alumi- 
nium) frame. The coil is suspended by a thin phosphor-bronze strip 
between the poles N and S of a horse-shoe type ‘permanent magnet 
[Fig. 38]. The lower end of the coil is 
joined to a fine spring $ made of phos- 
phor-bronze which provides a flexible 
coupling of the coil to the case. The 
phosphor-bronze suspension is attached 
to a torsion head 7. Current enters 
via phosphor-bronze suspension, passes 
through the coil and leaves via the spring 
S. Between the pole-pieces Мапа S, lies 
a cylindrical core of soft iron E fixed to the 
wooden board. The coil can freely turn 
in the space between the pole-pieces and 
the soft-iron cylinder without touching 
either of them. The soft iron cylinder 
intensifies the magnetic field. Attached 

Fig. 38 to the phosphor-bronze suspension is 
a small concave mirror M which allows small deflections of the coil 
to be read with a lamp and scale arrangement. 


In very sensitive instruments, the pole-pieces are curved to form 
parts of a cylinder co-axial with the suspension of the coil. The 
soft-iron cylindrical piece E is also made co-axial with the pole-picces. 


ДЇ 
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This makes the magnetic field radial to the core E and tke pole-picces 
over the region in which the coil swings. 


According to its theory, i— t _ §=k.0. 
ls У AH 


where j=current in the coil in e.m.u. 
n=number of turns of the coil 
‘A=face area of each turn of the coil 
H=magnetic field intensity 
6—the deflection of the coil (in radians) 
„=moment of torsiona] couple for unit twist 
K=a constant. 


The angle of deflection (0) of the coil is usually measurcd by lamp 
and scale arrangement. If d tm. be the deflection of spot lignt 
reflected by the mirror M on a scale placed D cm. from the mirror, 


d d 
then 20=— ; hence i—K. — Le., i 
en D i 2D i.e., iocd. 


Some important facts about suspended coil galvanometer : 


Current sensitivity : 

When a feeble current flowing through a galvanometer produces 
a large deflection of its coil, the galvanometer is said to be current- 
sensitive. Current-sensitive galvanometers are usually of high re- 
sistance. The following is the definition of current-sensitivity : 

The current-sensitivity of a galvanometer is defined as the de- 
flection in millimeters produced on a scale 1 metre away by a current 
of 1 micro-ampere (i.e. 10-° amp.) 


Voltage sensitivity : 

When a small potential difference applied to a galvanometer 
produces a large deflection, the galvanometer is said to voltage sen- 
‘sitive. Voltage-sensitive galvanometers are, usually of low resistance. 
The following is the definition of voltage-sensitivity. 

The voltage-sensitivity of a galvanometer is defined as the дећес- 
tion in millimetres produced on a scale 1 metre away when the volt- 
age applied to the galvanometer is 1 micro-volt (i.c., 10-° volt). 


Figure of merit of a galvanometer : The figure of merit of a mov- 
ing coil galvanometer 1s defined as the current which produces a de- 
flection of 1 mm. of the spot of light on a scale placed 1 metre away 


from the galvanometer mirror. 
Suppose the scale is placed 1 metre away from the mirror and the 
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spot of light is deflected through S mm. by acurrent of Jampere. In 


this case. the figure of merit of the galvanometer —7 amp/mm. 


Very sensitive D' Arsonval galvanometer may have a figure of merit 
of the order of 10-1 amp/mm. 


(iv) Dead-beat galvanometer : A galvanometer designed to 
measure a steady current flowing for a pretty long time, is usually 
made dead-beat i.e., once deflected, the moving coil of the- galvano- 
meter returns to the position of rest very quickly. It does not oscillate 
foralongtime. The coil of such galvanometers is wound on a metal- 
licframe. This increases the damping due to eddy current and electro- 
magnetic effect. 

(v) Ballistic galvanometers : In the case where a certain charge 
passes momentarily through an instrument due to sudden discharge, 
a ballistic galvanometer is used to measure it. The time of passage 
of charge being very short, the coil of the galvanometer receives an 
impulse and a “throw” is registered. In order that the first throw 
of the galvanometer coil can measure the momentary charge flowing 
through it, the ballistic galvanometer has the following charac- 
teristics : (d) the time-period of oscillation of the moving coil 
is made high by increasing its moment of inertia (b) the damping is 
made a minimum by winding the coi] on a non-conducting frame 
(i.e., frame of bamboo, ivory or wood). 


5.2. Precautions for electrical experiment : 


The appliances required for an electrical experiment are mostly 
sensitive and costly. So, they require careful handling. Besides, 
some fundamental precautions are always necessary for successful 
operation of an electrical experiment. The essential precautions are 
as follows : 

(a) All connections in the circuit should be tight. Loose connec- 
tions bring іп various troubles. Before building up a circuit by 
connecting wires, cotton insulations at the two ends of the wire are to 
be removed and the ends to be rubbed by sand-paper. До по! rub a 
screw or a plug by sand-paper. Bend the end of the wire in the form 
of an incomplete ring and slide it into the screw terminal which is then 
tightened. Pull the wire a little to see whether the connection is tight. 
Remember that the connection should neither be too tight nor too loose. 

(5) For wrong connections or for heavy passage of current suffi- 
cient heat may be produced damaging the appliances used. For this 
reason, after completing a circuit and before sending current, ask the 
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teacher to check your connections. If the connections are alright 
then send the current. Allow the current to flow only as long as itis 


required for taking the necessary readings. Current should never be 
allowed to flow unnecessarily. 


(c) While using instruments like resistance boxes and plug 
keys, care should be taken to insert into or to take out a plug from its 
socket. While inserting, put it in its gap and then slightly turn it. 
While taking it out, slightly turn it and then pull it out. Loose 
plugs create various troubles. After taking out a plug from its socket, 
do not allow it to be soiled by dust or dirt. Put it in а clean place. 
Do not mix up plugs of one instrument or of one key with those of 
other instruments or other key. Plugs of one resistance box, say, 
may not be proper fit to the sockets of another box. 


(d) While using a cell—specially a storage cell—elways use a 
resistance in series with it and do not allow the cell to be short- 
circuited. 


(е) Do not connect sensitive apparatus like galvanometers, 
ammeters etc directly with a cell. Take care about the positive and. 
negative terminals while using voltmeters, ammeters etc. 


5,3. Symbols for electric appliances : 


Symbols are used to represent appliances used in an electric circuit 
in diagrams. It is desirable that students should get familiar with 
those symbols. The symbols, used frequently, are as follows : 


Appliances Symbols 


1. Cell oie 


(longer line represents -+ ve pole and the 
short one — ve pole) 


2. Resistance ©_ МММ о 


3. Variable resistance or Rheostat плућни ог олуу 


4. Plug Key pat ‘Ye 


. Tap key or Switch 
5 ар key x & 
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6. Commutator Pal 


7. Ammeter or Voltmeter 
AmorV 
5.4. Determination of the value of the resistance of a wire by a metre- 
bridge making end-corrections and hence the calculation of specific 
resistance of the material of the wire. 


Apparatus: А metre bridge, table galvanometer, a resistance 
box (0-500 ohms), 2 1-ohm block resistance, a commutator, а Leclan- 
che's cell, a piece of copper or constantan wire, а screw gauge, а metre 
scale etc. 

Theory : (i) For the measurement of end-correction : 

In the metre bridge, the wire АС 15 soldered at its both ends to 
two thick copper strips AE and CN [Fig. 39]. However thick the 


Fig. 39 
strips may be, they have some resistance. Further, the soldering of 
the bridge wire at 4 and C also introduces some resistance. More- 
over, the wire АС may not Ђе exactly 1 metre long. For all these 
reasons, it is supposed that some extra resistances are introduced 
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at the left and right ends of the bridge wire. If these resistances are 
not taken into consideration, the result becomes inaccurate. This 
error is called ‘end-error’. Usually this end-resistances are expressed 
in terms of the lengths of the bridge wire. The necessary lengths of 
bridge wire i.e.. the end-corrections may be found out in the following 
way : 
спро known resistances Р and О are inserted into the gaps EF 
and MN respectively of the metre bridge. If / be the length of the 
null-point from the /eft епа of the bridge wire, 

Se = 0) 

О (100—1)4-8 
where «=end-correction at the left end and @=the end-correction 
at the right end. 

On interchanging the positions of P and Q, if the null point be 
found at a length /, from the left end, then 


On Ino э; 
P= G00—/,) +8 ш) 
Solving the equations (i) and (її) and taking the ratio P/Q=a, we get, 
һ—а.1› al, —l, a 
E = d 100.1. -y ii 
wg ELE d era Gi) 


(ii) For the measurement of resistance and Sp. resistance : 

If a known resistance R and an unknown resistance (a wire, 
Say)X be inserted into the gaps EF and MN respectively of the metre 
bridge and a null point is obtained at a length /, from the /eft end, 
then, 

R L+a у 
X (100—1)18 (iv) 
On interchanging the positions of X and R; if the null-point be ob- 
tained at a distance 1, from the /eft-end, then, 
X а 
гыгы rx inni аа У 
R (100 —/,)-+8 (0 
From eqn. (iv) and (v), the values of X may ђе found out. The 
mean of these two values gives the correct value of X. 

Further, if L be the length of the wire whose resistance is Y and 

r the radius of its cross-section, then the specific resistance p of its 
2 
material is given by, p= .. (vi) 

Description of metre-bridge : Fig. 39 shows the form of a metre- 

oridge. It is a practical application of Wheatstone bridge. AC is 
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a uniform, straight wire, one metre long, stretched alongside a metre 
scale fixed on a wooden board. YX is an unknown resistance. The 
two ends of the bridge wire are soldered to two thick copper strips 
AE and CN of the shape ‘L’. There is another straight piece of 
copper strip FM fixed on the board. The unknown resistance or the 
wire is put on the гар MN while a resistance box R on the gap EF. 
Gisasensitive galvanometer, one end of which is connected to a 
movable jockey J, which can slide along the wire AC. A cell B is 
connected to the ends 4 and C of the wire through a commutator 5. 

Experimental procedure : Determination of « and В : 

(1) Insert the resistance box К in the gap EF and 1-оћт block 
resistance т the gap MN. Connect the galvanometer С and the 
battery B (or the Lechlanche's cell) through a commutator S as shown 
in fig. 39. Pull all the connecting wires a little to see whether all the 
connections are tight. 

(2 Take out 100-ohm plug (=P) from the resistance box. The 
1-оһт block (=0) is in the gap MN. Put two plugs in the two орро- 
site holes of the plug commutator. Move the jockey J to one extreme 
end A and make contact with the wire. Note the direction of de- 
flection of the galvanometer pointer. Now slide the jockey to the 
other extreme end C of the wire and again note the direction of deflec- 
tion after making a contact between the jockey and the wire. If the 
deflections are opposite, the connections are right. Now, making 
contacts with various points over the length of the wire, find the null- 
point where galvanometer shows no deflection. Ascertain the length 
of the null-point from the scale. Reverse the direction of the current 
by putting the plugs in the other two opposite holes of the commu- 
tator and again find the null-point. Find the mean of these two null 
points (А). 

(3) The resistance box and the l-ohm block are interchanged. 
The ratio now becomes 1/100. Again find the null-points with direct 
and reverse current. Find the mean of these two null-points (15). 

(4) Find the values of « and В with the help of the equation 
(iii) of the theory. 
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(5) Repeat the whole operation twice with 80 ohm and 50-ohm 
resistances put in the resistance box. This will give two more sets 
of values of « and В. The mean values of « and В are then found 
out from the three sets of values. 

Determination of resistance and sp. resistance of a wire : 

(6) Find, with the help of a screw-gauge the diameter of the given 
sample of wire at various places and at right angle directions at each 
place. From all these observations, find the mean diameter and 
hence the radius (r) of the cross-section of the wire. 

(7) Bend about 1 cm. length of the given wire at its two ends at 
right angles to the length of the wire. Find the length (Z) of the wire 
between the two bends. 

(8) Make circuit connections as shown in fig. 39. Two opposite 
terminals of the commutator (S) are to be connected to the cell and 
the other two opposite terminals to the points А and C of the metre 
bridge. Connect the resistance box R in the left-hand gap (EF) and 
the wire (X) in the right-hand gap (MN). While connecting the wire 
in the gap, take care that the bent portion at the two ends are put inside 
the binding screws. Whenever the wire is connected to any gap, this 
practice is to be always adhered to. One end of the galvanometer 
js connected to the jockey J and the other end to the point D, Put 
a suitable resistance in the resistance box (say, 2-ohm). 

(9) Put two plugs in the two opposite holes of the commutator. 
Move the jockey J to one extreme end A and make contact with the 
wire. Note the direction of deflection of the galvanometer pointer. 
Now slide the jockey to the other extreme end C of the wire and note 
the direction of deflection after making contact between the jockey 
and. the. wire. If the deflections are opposite, the connections are 
right and the null-point is somewhere at the middle. On the other 
hand, if the deflections are in the same direction, the connections are 
defective. In that case, the connections are to be checked carefully 
after taking out the plugs from the commutator. If necessary, the 
advice of teachers may be sought. 
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(10) When right connections are made, move the jockey slowly 
from one end (say, А) towards the other and find the null-point where 
the galvanometer shows no deflection when the jockey makes contact 
with the wire. Find the distance of the null-point from the scale 
attached to the bridge. Now move the jockey from the end C towards 
the end A and similarly find the position of the null-point. The 
mean of these two readings gives the final position of the balance 
Point. 

(11) Now reverse the current by putting the plugs in the other 
twc opposite holes of the commutator. Repeat the observation no. 
10 and find the balance point. The mean of the readings for the 
balance points obtained in the operation no. 10 and 11 will give the 
exact position of the balance. Let 1, be the length of the wire upto 
the balance point measured from the left-end of the bridge wire. 

(12) Ада «to 1, and В to (100—/) and find the value of X accor- 
ding to the equation (iv) of the theory. 

(13) Interchange the positions-of the resistance box R and the 
wire X ie., put the resistance box R in the gap MN and the wire in 
the gap EF. Keeping the resistance in the bóx R same as before 
(say, 2 ohm) and following the procedure mentioned in the sections 
(10) and (11), find the length (l2) of the null-point. 


(14) Ада « to J, and В to (100 —/,) and find the value of X ac- 
cording to the equation (у) of the theory. 

(15) Now put a different resistance (say, 5 ohms) in the resistance 
box and repeat all the observations mentioned earlier. Find the 
value of X for this set of observations. If time permits, another set 
of readings may be taken with another resistance in the box А (say, 
10 ohms). The mean of three values of X obtained from the three 
sets of observations, gives the correct value of X. 

(16) Putting the values of X, L and r in the 


! equation (vi) of the 
theory, calculate the Specific resistance of the m 


aterial of the wire, 
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Calculations : (i) «= == мер =... 
paste тоес улы. 
—1 
aA 1 
eL era al Ызаат ЭЧ, ы-у 

Ди ти 

X Whotan а X. 0 пазл, из 

R “(100—1)-8 

2 

(iii) р . ohm-cm. 


Remarks : (1) The exact length of the wire upto the null point 
may be different from that given by the scale. To eliminate the error, 
the null point should be ascertained by interchanging the positions of 
R and X and the mean value of the two readings should be found out. 
(2) A continuous flow of current through the bridge-wire as well as 
' through the junctions of different metals of the bridge may give rise 
to heat and thermo-electric current, causing a change in the position 
of the null points. For this reason, observations should be taken 
by reversing the direction of the current with the help of the 
commutator and a tap key should preferably be included in the battery 
circuit in order to allow the current to flow as long as necessary. (3) If 
the resistance box and the unknown resistance are made of resistance 
coils, then, at the time of make and break of the circuit, a current may 
be induced due to self-induction of the coils, which may cause an error 
in determining the exact position of the balance point. To overcome 
the difficulty, the battery circuit should be closed first and then the 
galvanometer circuit. (4) The bridge is most sensitive when the resis- 
tances of the four arms are very nearly equal to each other. For this 
reason, the metre bridge does not give satisfactory result in the cases 
of low and high resistances. . (5) In order to make the proportional 
error minimum the null-point should be adjusted to remain between 
45 cm to 55 cm. (6) End-corrections are usually small. So, the 
corrections « and В become negligible when the null-point is obtained 
near the middle of the bridge wire. 
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Oral questions 


1. What is the principle of Wheatstone bridge ? 

Ans. Consult any text book. 

2. What is the working principle of a metre bridge ? 

Ans. The principle of Wheatstone bridge is the working principle of a metre 
bridge. 

3. What do you mean by end-correction in a metre bridge? 

Ans. See theory of the experiment. 


4. Why should the balance point in the above experiment be preferably 
found at the central regior of the wire 7 


Ans. This will reduce the proportional error to a minimum. 


5. Why should you take readings in the above experiment with reverse 
current ? 


Ans. Thermo-electric current may flow due to temperature difference at the 
junctions of different metals of the bridge. To eliminate errors due to thermo- 
electric current observations should be taken with reverse current. 


6. What is the necessity of interchanging the positions of X and К? 
Ans. See remark по. 3. 


7. Is there any material change when « is added to / in measuring the resis- 
tance ? 


Ans. End corrections are usually small—of the order of 0-1 cm ог 0:2cm. 
Tf the length of null point lies between 45 cm. to 55 cm. the error is about 1 or 2 in 
500. Errors due to other reasons are greater than this error. So, there is no mate- 
rial change provided « is small. 


8. Why is the instrument called ‘metre bridge’ 7 

Ans. Since the bridge-wire is one metre in length, the instrument is called a 
‘metre bridge’. 

9. Comment on the desirability of measuring high and low resistances with 
a metre bridge. 

Ans. See remark no, 4. 


10. What is the harm if continuous current is sent for long time through the 
metre bridge ? 


Ans. See remark no. 2. 

11. What is specific resistance ? What is its unit ? 
Aes. Sce any text book. Its unit is ohm-cm. 

12. Does specific resistance of a wire depend on the radius of its cross-section 7 
Ags. No ; specific resistance is a property of the material. 
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5.5. Measurement of resistance per unit length of the bridge wire 
by Carey Foster method : > 


Apparatus: A metre bridge with four gaps (it is alternatively 
called Carey Foster bridge). Two equal resistances (say 1 Q and 1 Q), 
a fractional resistance box (0:1 О to 10 Q), a table galvanometer, | 
Leclanche's cell, a plug commutator, connecting wire etc. 


Circuit connection : The necessary circuit connection has been 
shown in fig. 40. The fractional resistance box S is put on the extreme 


Fig. 40 


left gap no 1 and a thick copper plate R on the extreme rignt gap no 4. 
Two equal resistances P and О (say, 1 ohm each) are connected to the 
gapsno2and3. A leclanche’s cell (Е)іѕ joined to the points F and H 
through a commutator C. One end of a galvanometer G is joined to 
the point О and the other end to. a jockey which slides along the bridge 
wire AB. 


[М. В. If, instead of a table galvanometer, a suspended coil galvanometer 
is used, a rheostat in series with the Leclanche's cell and а shunt in parallel with 
the galvanometer should be used as a measure of safety for the galvanometer.] 


Theory : In the arrangement shown in fig. 40, if the null point 
is obtained at a length /, measured from the left end of the bridge wire, 
then from Wheatstone bridge principle, 

oux resp. qoe at G) 

Q R+8+(100—1)p 
‘where о. and B are the end-corrections at the two ends of the bridge 
wire and p the resistance per unit length. 
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If the positions of S and R are now interchanged and a null point 
is obtained at a length /; measured from the left end of the wire, then; 
Ia Roe hp Gi) 
О  S+£-+-(100 —1,)p 
S—R 
=, 
Since a thick copper strip has almost no resistance, R=0 ; 


(iii) 


Solving these two equations, we get* p= 


So p= > 
Е 
Again, if the fractional resistance box is inserted in the gap no, 2 
and the copper strip ix the gap no. 1 at first and then their positions 
are interchanged, giving /, and /, as the null-point lengths, 


then p in m 


So, in general P= 135 Gy) 
асыу 


Experimental procedure: (1) Make circuit connections as 
shown in fig. 40. Connect the two equal resistances іп the gaps no 2 
and 3, the fractional resistance box S in the left extreme gap по. 1 and | 
the thick copper strip in the extreme right gap по. 4. Use thick and | 
short wires instead of usual connecting wires for connecting the resis- | 
tances in the gaps. 


Q) Without taking any plug out of tke resistance box S 
(i.e. S=0), find the null point. If everything is right, the null point 
should be very near 50 cm. mark. If the null point is far away from 
50 cm. mark, check whether connections are tight and all the plugs in 
the resistance box are tightly placed in their sockets. If the null 
point is still away from 50 cm. mark, the resistances P and Qin 
the gaps no. 2 and 3 are not equal. Replace them by exactly equal 
resistances. 


Stathp — — — R+athp 
К+В+(100—Һ)р 5+8+00—1)р 
Adding 1 to both sides, S+R+a+B+100.p_ R+S+a+B+100p 

| +В+100—0р ^ “S+B+00—h)p 
R-- B--(100—4)p — 5-- B-- (100—1)p. 
ог, (S—R)-p(h—1L) 
S—R 
on р= 


Tc 


* From eqn. (i) and (ii) we get 
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(3) Now take out the lowest resistance (i.e. 0-1 ohm) plug from 
the resistance box S. See whether the null point is ncar the middle 
ofthe wire. Slowly increase the resistance in the box S. The null 
Point will slowly move towards the left. Find the maximum resis- 
tance (say 2:2 ohms) that may be put in the resistance box S to get the 
null-point nearest to (say 3:8 cm) the left end of thc wire. This gives 
an idea of the maximum resistance Which can be used in the present 
circumstances. Null point will not be available for resistance greater 
than this. 


(4) Having thus ascertained the maximum usable resistance, (say 
2:2 ohms), put itin the resistance box S and accurately find the null- 
point. Ascertain the distance of the null point (/, ст) from the left end 
ofthe wire. Reverse the direction of the current by the commutator 
and again find the length of the null point. Get the average of 
these two lengths. 


(5) Now decrease the resistance in the resistance box S by small 
steps (say by steps of 0-4 ohm) and find the null points at each step 
for direct as well as reverse currents. Find the mean of the two null 
point lengths obtained at each step. Take observations for, at least, 
four such steps. 


(6) Now interchange the positions of the fractional resistance 
box S and the copper strip R i.e. connect the strip in gap no. 1 and the 
resistance box S in gap no. 4. 


(7 Now, starting with the same maximum resistance (i.e. 
2:2 ohms) in the resistance box 5 and decreasing it by the same Steps 
(i.e. 0'4 ohm) as before, find the null points at each step for direct and 
reverse currents. Get the mean of the null points at each step (I, cm). 


(8) Calculate using equation (iii) of the theory, the value of p 
from the two null point lengths /, and /, obtained by interchanging the 
Positions of S and R, for a particular value of the resistance put in the 
resistance box 5. Thereafter, find the mean value of p from the values 
obtained from different values of resistance put in the resistance box. 


(9) Note that if the bridge wire is of uniform Cross-section and 
the connecting wires used are short and thick, the different values of 
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Calculations : 1. рү; > A = 25=0023 ohm/cm. 
: S 1:8 

. р= 29 ==" =0:023 у 

ер h-h 78-4 023 ohm/cm. 


Remarks : (1) In this experiment, the end-corrections of the 
bridge wire need not be considered ; they are automatically eliminated. 
(2) If the values of p obtained at different positions of the wire be 
not same, the wire is not of uniform cross-section. Hence, this ex- 
periment gives us a method to check the uniformity of the wire (3). 
At the beginning, it should be seen whether with 5=<=0, the null 
point is obtained at a point very near the 50 cm. mark. If the null 
point is obtained more on the right of 50 cm mark, the resistance Р 
is defective. If, on the other hand, the null-point is more on the left 
of 50 cm. mark, the resistance Q is defective. 


Oral questions 


1. Why do you find the null pgint with direct and reverse currents ? 

Ans. When current flows through the bridge wire, heat is produced which 
changes the resistanze of the wire and consequently the position of the null point. 
If null point is found out with reverse current and the mean of the two readings is 
taken, the error due to this reason is eliminated. 

2. How do the end-corrections in this experiment affect the result ? 

Ans. The end-corrections at the two ends of the wire ate automatically eli- 
minated and hence they do not aíTect the final result. 

3. Can you ascertain, by this experiment, whether the bridge wire is of 
uniform cross-section ? y 

Ans. Yes; the bridge wire is of uniform cross-section if the values of pat 
various positions of the wire are the same ; In the case when the values of р are dif- 
ferent, the wire is non-uniform. 

4. Measuring the resistance of a wire by a P.O. Box or a metre bridge and then 
dividing the resistance by its length, p can be found out. What is, then, the neces- 
sity of a Carey Foster's bridge ? 

Ans. P.O. Box method is not as accurate as Carey Foster bridge method. 
Further, by Carey Foster method, p can be found out at various places of the wire. 

5. Can the experiment be done with any ratio of P and Q ? 

Ans. И ОР, then even with S=R=0, the null point will be very near the 
left end of the bridge wire.. If now some resistance is put in the box S, then with 


250 DEGREE PRACTICAL PHYSICS 


R=0, the null point will move further left and may go beyond the wire. As a result 
the experiment fails. For this reason, the ratio of P and О is kept equal to or very 
near to 1.- 

6. Can this experiment be used to determine the difference between two 
resistances ? Is there any condition for this ? 

Ans. In the theory, it is seen that S— R—p(I, —1) ; So knowing р, h and /, 
the difference between two resistances S and R can be found out. The limiting. 
condition is that the difference should be less than the total resistance of the bridge 
wire. 

7. If the value of p of the bridge wire is 0:023 ohm/cm, what is the total resis- 
tance of the wire ? 

Ans. The length of the wire—100 cm. So, the total resistance— 0:023 x 
100—2:3 ohms. 

8. What is your idea about the total resistance of the bridge wire ? 

Ans. Usually, the total resistance of the bridge wire lies between 2 and 3 ohms. 

9. Can the sp. resistance (5) of the material of the wire be found out from 
the value of resistance per unit length (p) ? 

2 Кха - La па? 

Ans. Yes ; Sp. resistance S= ; but R= Де S= P5 x=. 2 

р. 1 р. 1 p.x—p.—r. 
So, finding p and then measuring the diameter (d) of the wire by a screw gauge, 5' 
can be found out. 

10. What is the relation between p and diameter (d) of the wire ? 


Ans. pa = i.e. the resistance per unit length varies inversely as the square 


of the diameter. 


11. Will p remain same if the material remains the same but the wire becomes 
thicker or thinner ? 
Ans. pis smaller for thicker wire and greater for thinner wire. 


12. Can you find the 1esistance of a wire by this experiment ? 
Ans. In the theory, it is seen S=p (/,—4) ; so knowing p, l and /;, an un- 
known resistance 5 can be found out. (See expt no. 5.6) 


5.6. Determination of an unknown resistance by Carey Fosters 

method 

Apparatus: A metre bridge with four gaps, two resistances of 
equal value (say 1 ohm each), a fractional resistance box (0:10 to 
10Q), a table galvanometer, a Leclanche’s cell, a plug commutator, 
an unknown resistance (a block resistance or a coil of wire) a thick 
copper strip etc. 

Circuit connection : As in expt no. 5.5. 


Theory : In the theory of the previous experiment, it has been 
seen that if a fractional resistance box 5 is connected to the extreme 
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left gap по 1 and an unknown resistance R іп the extreme right gap 
no 4 and in this condition a null point is obtained at a distance /, cm. 
from the left end of the wire and then a null point is again obtained 
at a distance 1, cm from the left end with the positions of S and R 
interchanged, then S—R-—p(l—h) where p=resistance/unit length 
of the bridge wire. 


У. R=S—p(l.—h) 
Knowing 5, р, 4 and l, the unknown resistance R can be found out. 


Experimental procedure : (1) Following the procedure described 
in the previous experiment and using the fractional resistance box 
in one gap and a thick copper strip in the other gap, find the resis- 
tance per unit length (p) of the bridge wire. 

(2) Now connect the fractional resistance box S in the extreme 
left gap no. 1 and the unknown resistance, instead of the copper strip, 
in the extreme right gap no. 4. Take out suitable resistance from the 
resistance box S so that null point is obtained near the central por- 
tion of the bridge wire (between 45 cm to 50cm). [If the null point 
is obtained far left of the central portion, increase the resistance in 
the resistance box. The null point will move towards the right. If 
the null point, on the other hand, is obtained far right of the central 
portion, decrease the resistance in the resistance box ; the null point 
will move towards the left]. Note the distance of the null point from 
the left end of the bridge wire. Reverse the direction of current by 
the commutator and again find the null point. Calculate the mean 
distance of the null point (4) from these two readings. 

(3) Now, increase the resistance of the resistance box by equal 
steps (say, by steps of 0:20) and at each step find the null point lengths 
for direct and reverse currents. Find the mean value of the null point 
lengths in each case. Take, at least, three such observations. 


(4) Now interchange the positions of the fractional resistance 
box S and the unknown resistance R i.e. connect the unknown resis- 
tance in gap по. 1 and the resistance box in gap no. 4. Take out the 
resistance plugs from the resistance box in the same order as was done 
in the previous operation and in each case, find the null points for 
direct and reverse currents. Find the mean null point length in each 
case (1). 


(5) Find the value of R from the two null point lengths (/, and 
1) obtained by interchanging the positions of 5 and R in each case 
and from these observations ascertain the mean value cf А, 
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лашы ко 5 Мак) =. ohm: 
culations : R—S-—p(l | 
ки : АП connections аге to be made with thick and short 
connecting wires instead of usual thin wires. For other remarks 
see expt. по. 5.6. 


Oral questions 


See Experiment no. 5.6. 


5.7. Measurement of the resistance of a suspended coil galvanometer 
by half deflection method. 


Also calculation of the galvanometer current when there is no resis- 
tance directly in series with the galvanometer. Hence determination 
of the galvanometer current to produce a scale deflection of 1 mm. 


Apparatus : A suspended coil galvanometer (D' Arsonval type), 
three resistance boxes—one of high range (upto 50000), one of mode- 
rate range (upto 5000) and one of very low range (between 0:1 to 
0:50), а plug commutator, a storage cell, connecting wires etc. 

Circuit connection : Fig. 41 shows the necessary circuit connec- 
tion. A resistance box R of high range 
(upto 5000) is connected in series with 
the cell E (if necessary two Storage cells 
may be connected in series to form a 
battery) and then to the two opposite ter- 
minals (no. 1 and 3) of the commutator 
C. The other two opposite terminals 
(no. 2 and 4) are joined to the resistance 
box 5 of low range (i.e. between 0-1 to 
0:5 ohm). This resistance box 5 is 
called the shunt box. The galvanometer 
С with the moderate range (ie, upto 
500 ohm) resistance box R, in Series, is 
Fig. 41 connected in parallel with the shunt 

box 5. 

Theory : (1) For measurement of resistance : 

From figure 41 it is clear that the resistance (G+R,) and S 
are parallel to each other. If r be their equiv 

1 1 1 S+G+R, 


alent resistance, then 
p—S(G+R,) 
S+G+R, 
nearly equal to $, So, 


г С S S(G+R) 
If S&G, the equivalent resistance r is very 
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2 
whatever may be the value of Ку, as long as S<G, the equivalent resis- 
tance is equal to S. Under this circumstances, the p.d. across the 
resistance S for a given current (main) will be independent of the 
value of R. 


If І, be the current through the galvanometer when R,=0, 
then lo= ck. ES 


where V=terminal p.d. of the shunt S ; d=the deflection of spot 
of light on the scale and k=constant of proportionality. 

If, now, the deflection is made exactly half the previous value by 
taking out the resistance plug in the box К, (say R, ohm) and the 
corresponding current through the galvanometer be Га, 


и а 
then Го= = = = mil 
en GER, 5 (ii) 
From (i) and (ii), we get == or GisR; й Gli) 
(2) Galvanometer current when Кү=0: у 
When R,=0, the equivalent resistance of G and S= [еу 
G--S 
Total. circuit resistance АСЯ) 
E _ E(G+S) 


Main current 1= 


Total resistance GS+R(G+S) 


" S 
Current through the galvanometer = ——. Г 
gh g ometer 7, Gus 
sess d ЕСО АВВ Ји ES ; 
GES” GS+RG+S) S(RFOFGR Ой) 


If d mm. be the deflection produced on the scale by this current, then 
the current required for 1 mm. deflection 


ГА E.S 
d S(R+G6)+GR 


Experimental procedure : (1) Adjust the galvanometer scale and 
the spot of light such that the spot of light coincides with the Zero 
mark of the scale. Make circuit connections as shown in fig. 41 
Put 0:1 or 0:2 ohm resistance in the shunt box S. Without putting 
any resistance in the box R,, put a certain resistance (say 1000 ohm) 
in the box R which is in series with the cell. Note the deflection of 


1 
=ах amp/mm. o Ny) 
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the spot of light. Adjust the resistance R by increasing ог decreasing 
its valueso that the spot of light, being deflected, may remain steady 
somewhere between 10 cm and 16cm. Note this steady deflection 
of the spot of light and the resistance put in the box R. ] 

(2) Keeping К unchanged, put gradually increasing resistance 
in the box В, until the deflection of the spot of light becomes exactly 
halved. Note the resistance put in the box Ry. This will be the galva- 
nometer resistance. 

(3) Now take out the plugs from the commutator and stop 
the current flow. See whether the spot of light returns to zero-mark 
of the scale. If it does not, slightly shift the scale and bring the spot 
on the zero-mark. Keeping R unchanged, make R,=0 by putting 
the plug in the box Р}. 

(4) Reverse the direction of the current by the commutator. 
If the plugs of the commutator are inserted in the other two opposite 
holes than before, the direction of the current will be reversed. Note 
the deflection of the light stop. The deflection, evidently will be on 
the other side of the scale. 


(5) Now insert gradually increasing resistances from a low 
value in the box К, till the deflection is reduced to half of the previous 
value. The resistance now required will be exactly equal to or very 
nearly equal to the resistance obtained in the previous operation. The 
mean of these two observations gives the resistance of the galvano- 
meter. 


(6) Keeping 5 constant and inserting different resistances in the 
box R, repeat the whole operation twice or thrice. Similarly, keeping 
R unchanged and changing the shunt resistance (say, 0:2, 0:3 ohms 
etc), repeat the operation twice or thrice. Note that in each case, 
the full scale deflections of the spot of light should be restricted within 
10 ст to 16 ст. 

(7) Mean of the values of R, obtained from the previous six 
or eight operations is then calculated. 

(8) Measure the e.m. f. of the cell (or the battery) by a voltmeter 
and the distance between the mirror of the galvanometer and the scale 
by a metre scale. 

(9) Calculate,with the help of eqn. (iv) of the theory, the current 
flowing through the galvanometer in cach when R,=0. Divide it by 
the full scale deflection (d) converted into millimetre. 


Measurements : E. M.F. ofthe cell (E) =2 volts [As an illustration] 
Distance of the mirror of the galvanometer from the scale =1 metre 
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(Б) Measurement of current for 1 тт deflection [Data taken 
from table (a)] 


T 


Galv. Deflection 


(4) 


Ванегу 
circuit 


#12:2+ 
12:4) 
—]2:3cm 
=123mm 


Calculations : 
"E ES 5 2»01 
© £ S(R--G)H-RG 0:1(5004-130)4-500 x 130 
=0`3 x 10-5 amp. 
0:3 x 10-5 
REEL UN =0:244 x 10-7 amp/mm. 
2. etc. 


Remarks: (1) Every time, the full scale deflection should be 
restricted between 10 cm and 16 cm ; otherwise current through the 
galvanometer will not be halved at half the scale deflection. (2) At 
every observation, before the current is reversed it should be checked 
whether the spot of light coincides with zero mark of the scale (3) 
The spot of light should preferably have a straight edge. (4)The 
shunt resistance must be very small compared to the galvanometer 
resistance. (5) When S<G, the current through the galvanometer 
is almost equal to E.S/R.G. This simple formula may also be used 
to calculate Г. 
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Oral questions 


1. Galvanometer resistance means the resistance of what thing of the gal- 
vanometer ? 
Ans. It means the resistance of the coil of wire in the galvanometer. 


2. Why should you take a small shunt resistance ? x d 
Ans. If the shunt resistance be not very small, compared to the resistance 
of the galvanometer, the theory will not be applicable (See the theory). 


3. What harm is there in the experiment if the galvanometer has a low resis- 
tance ? . 


Ans. If the galvanometer itself has a low resistance, it will be difficult to 
find a still lower resistance as shunt and the expcriment, then, fails. 


4. What alternative method can you adopt to find the resistance of a gal- 
vanometer of the above type ? 

Ans. In such cases, the coil of the galvanometer is to be clamped and its 
resistance is to be measured by a metre bridge or a P.O. Box by the usual process. 

5. Why should you bring the spot of light to the zero mark of the scale before 
the direction of current is reversed 7 


Ans. Ifthe spot of light is displaced then the value of R, necessary to reduce 
the deflection to half value for direct current will be different fcom the value for 
reverse current and the measurement will be erroneous. 


6. Why do you take deflections with direct and reverse currents ? 


Ans. The plane of the mirror, at rest, may not be parallel to the plane of the 
scale. This will introduce some error in the deflection of the spot of light. The 
error is climinated if deflections are taken on the opposite sides of the zero-mark. 


7. Why do you restrict the deflection between 10 cm. and 16 cm. ? 


Ans. The angular displacement of the mirror is taken proportional to the 
linear displacement of the spot of light. This proportionality is valid if the linear 
deflection is small (i.e. within 10 cm. to 16 cm. of the scale). 


5.8. Measurement of the figure of merit of a suspended coil galvano- 
meter : 


Apparatus: А suspended coil galvanometer, a resistance box 
of low range (0:1 ohm to 5 ohm), a resistance box of high range (10,000 
ohm and higher), a plug commutator, a storage cell, a metre scale, 
connecting wires etc. 


Circuit connections : Fig. 42 shows the necessary circuit con- 
nections. The high resistance box R is connected in series with the 
storage cell E (if necessary a battery consisting of two storage cells 
in series) which is then joined to the opposite terminals (no. 1 and 3) 
of a commutator C. The other two opposite terminals (no. 2 and 
4) of the commutator are connected to the low resistance box 5, 
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acting as a shunt. The terminals of the galvanometer G are joined 
to the terminals of the shunt box so they are in parallel combination. 
Theory: Figure of merit of a sus- 
pended coil galvanometer is defined as the 
current which produces a deflection of 1 
mm of the spot of light on a scale placed 
1 metre away from the galvanometer 
mirror. According to fig. 42, the resistance 
of the shunted galvanometer = ot 
If 1, be the current through the galvano- 


meter, then J, = xmain current 


5 
S+G 
UOM Зи Буја E.S 

Fig. 42 SEG ‘р; SG RS+G)+SE 
; 5+6 
Let this current produce a deflection of d cm on a scale placed D cm 
away from the galvanometer mirror. Then the deflection produced 


on the scale when placed 100 cm (i.e. 1 metre) away is given by 


p 1005 Gq Im 
According to definition, the figure of merit 
2i dj o cnc Eso ao 1D 
n R(S+G)+S.G~ 1000xd 


Experimental procedure : (1) Adjust the position of the scale 
so that the spot of light coincides with the zero-mark of the scale. 
Make circuit connections as shown in fig. 42. First take out a high 
resistance plug (say, 10,000 ohm) from the battery circuit resistance 
box R. Then take out such a resistance plug (say 0°5 ohm or 1 ohm) 
from the shunt box S so that the spot of light, being deflected, remains 
steady somewhere between 10cm and 16cm of the scale. When 
the spot of light becomes steady, note the deflection from the scale. 

(2) Now stop the current by taking out the plugs from the com- 
mutator and see when the spot of light returns to zero-mark. If it 
does not, slightly shift the scale to bring it to the zero-mark. Put 
the plugs in the other two opposite holes of the commutator to reverse 
the direction of the current. Note the deflection of the spot of light. 

(3) Determine the mean deflection from these two observations 
and find the figure of merit with the help of the equation stated in 


the theory. 


amp/mm. 
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(4) Repeat the observations thrice by changing the resistance 
in the box R but keeping the shunt resistance unchanged and repeat 
twice more by changing the shunt resistance but keeping the resis- 
tance in the box R unchanged. See that the deflection in each case is 
within 10cm to 16cm. 4 

(5) With the help of a voltmeter, find the е.т./. of the storage 
cell (or the battery) E. Also measure the distance between the galvano- 
meter mirror and the scale by а metre scale. Ascertain the resis- 
tance of the galvanometer from the teacher. 


(6) Find the mean value of the figure of merit from the results 
obtained from several observations. 


Measurements : The e.m.f. (E) of the storage cell (or the battery) 
=.. volts (measured by a voltmeter) 

The distance between the galvanometer mirror and the scale (D) 
=.. ст (measured by a metre scale) 

Galvanometer resistance (G)—.. ohms (supplied) 


Measurement of figure of merit : 


Deflection (d) of the spot 


Resistance 
No. |in battery | Shunt of light 
of circuit | resistance (cm.) 
Obs | (R ohm) | (S ohm) —— 
Direct | Reverse! Mean | amp/mm 
current | current (d) 


1. 104 | 104 | 104 
2, 126 | 126 | 126 
3. 
4. 
5. 


D E.S. 


Calculations: 1. 0— 


=..amp/mm. 


i000xd  R(S3-G)-S.G 
2. 0—etc. 
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Remarks: (1) If 0, be the current sensitivity of the galvanometer, 
1 S 
then Bran So, current sensitivity of the galvanometer can also 


be determined by this experiment. Again,if 0, bethe voltage sensitivity 
of the galvanometer, then 0,—0,X G. So, voltage sensitivity can 
also be determined by this experiment. (2) The scale should be placed 
at right angles to the reflected ray from the mirror, otherwise the 
deflections for direct and reverse current will not be same. 


Oral questions 


1. What do you mean by figure of merit of a galvanometer ? What is its 
unit ? з 

Ans. See theory. Its unit is amp/mm ог тісго.атр/тт. 

2. What do you mean by current sensitivity and voltage sensitivity of a gal- 
vanometer ? What is their relation ? t 

Ans. The current sensitivity of a galvanometer is defined as the deflection, 
in millimetres, produced on a scale 1 metre away by a current of 1 micro-ampere 
(i.e. 10-6 ampere). 

The voltage sensitivity of a galvanometer is defined as the deflection in milli- 
metres produced on a scale 1 metre away when the voltage applied to the galvano- 
meter is 1 micro-volt (i.e. 10-6 volt). 

Current sensitivity Galvanometer resistance x voltage sensitivity. 

3. What is the harm if a Leclanche's cell is used in this experiment ? 

Ans. In a Leclanche's cell, polarisation sets in when continuous current is 
taken from it. As a result, current diminishes. So, if а Leclanche's cell is used in 
this experiment, the deflection of the spot of light, after remaining steady for some- 
time, will begin to diminish. 

4. Why is a shunt used in this experiment ? 

Ans. Shunt is a safety arrangement for a galvanometer. Ifa heavy current 
passes through a galvanometer by any chance, it may-get damaged. In a shunted 
galvanometer, most of the current passes through the shunt and only a small amount 
passes through the galvanometer. Мо damage is, therefore, caused to the galva- 
nometer. 

5. Why do you restrict the deflection within 10 to 16cm ?- 

Ans. We measure the deflection of the coil (0) in radians. Now, when 
the coil turns through an angle 0, the reflected ray turns through 20. 
linear displacement of the spot 

distance of the scale 
6 oc displacement relation will not hold good. For this reason, the deflection is 
restricted within 10 to 16 cm. 

6. Will the deflection of the spot of light increase if the distance between the 
scale and the mirror is increased ? 


Ans. If the distance between the scale and the mirror is increased, the de- 
flection is also increased because,20 remains unchanged. 


Here, 20— If'the displacement be not small, 
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7. 1 the distance between the scale and the mirror is increased, will the figure 


‚ of merit change ? 


Ans. No ; whatever may be the distance between the mirror and the scale, 
deflection will accordiugly alter to keep the figure of merit constant. 


8. Will the galvanometer current change if the resistance in the box R is 
increased ? 

Ans. With the increase of R, the main current will decrease and hence the 
galvanometer current will also decrease. 


9. What change will occur in the galvanometer current and hence in the 
deflection if shunt resistance is increased or decreased ? 

Ans. If shunt resistance is increased, more current will flow through the 
galvanometer causing a greater deflection. On the other hand, if the shunt resis. 
tance is decreased, less current will flow through the galvanometer causing a smaller 
deflection. 


10. What are the factors on which the figure of merit of a galvanometer de- 
pends ? 

Ans. The figure of merit of a galvanometer depends on (i) the magnetic flux 
produced by the magnet of the galvanometer (ii) the number of turns of the coil 
(iii) the face area of the coil and (iv) the torsional rigidity of the suspension wire. 


5.9. Determination of the temperature coefficient of resistance of a 
coil of wire using a metre bridge. 

Apparatus : A coil of wire enclosed in a glass tube, a metre bridge, 
a thermometer, a fractional resistance box, a 
Leclanche’s cell, table galvanometer, a plug com- 
mutator, a hypsométer, connecting wires etc. 

Description of the coil of wire: А coil of 
wire (R) whose temperature coefficient of 
resistance is to be measured (usually copper) is 
enclosed in a wide glass tube G. Two long copper 
wires are soldered to the two ends of the coil and 
the wires are taken out of the tube through two holes 
in the stopper closing the mouth of the tube. The 
wires are then soldered to two screw terminals P and 
Q fitted on the ebonite stopper. Through a hole at 
the centre of the stopper, a thermometer (7) is inser- 
ted into the tube. [Fig 43]. Fig. 43 

Circuit connections: Fig 43(a) shows the necessary circuit 
connections. The terminals P and Q of the heating coil are connected 
to the gap no. 1 of the metre bridge. The connecting wires should 
be a bit long because when the heating coil is to be connected to the 
gap no. 2, it can be done by simply drawing the connecting wires 
without shifting the tube G. The fractional resistance box 5 is 


VW, 
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connected across the right-hand gap no. 2. A Leclanche’s cell E is 
connected to the extreme left and right ends of the bridge wire AB 


Fig. 43(a) 


through the commutator C. One end of a table galvanometer is 
connected to the terminal mid-way between the gaps no. 1 and 2 of 
the bridge and the other end to the jockey J. A thermometer (7) 
has been introduced into the tube G through a hole in its stopper. 
The tube G can be placed inside a hypsometer. 

Theory: Let the resistance of the coil be К, at 1 "Сапа К, at tC 
(>). Here, Ri=Ro (1+) and R,—R, (14-«f;) where « is the 
temperature coefficient of resistance. | 

Ra аорти Rar iy ы, (i) 
В let Rats — Rats 

So, measuring R, and R, by a metre bridge, о can be determined. 

Again, from the principle of a metre bridge, we know, 

Resistance in the left-gap (К)  Resistanceintheright gap (S) >. 

eS a) 

1 100—/ 
where / is the length of the null point measured from the left end of the 
bridge-wire [ Fig 43(a)]. 

Experimental procedure: (1) Make the circuit connections as 
shown in fig 43(a). Take a large beaker. Fill it up with water and 
place the tube G in the water. Keep it fixed by suitable clamp. Note 
the temperature (°С) of the coil from the thermometer T. 

(2) Take out small resistance (say 2 ohms) from the resistance 
box 5 mA find A null point when the galvanometer shows no deflec- 
tion. И ne t dy ih of the box 5 so that the null point remains 
somewhere between 40 ст and 60 cm. of the brige wire. Note the 
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null point distance from the scale carefully. Reverse the direction 
of the current and again find the null point. Ascertain the mean of 
these two null point lengths. 


(3) Change the resistance in the resistance box twice and in each 
case find the lengths of null points for direct and reverse currents. 
Take care that the aull point always remains within 40 cm and 60 cm. 
Find the mean of the two readings obtained for each value of the 
resistance put in the resistance box 5. 


(4) Now interchange the positions of the resistance box S and the 
tube G i.e. insert the resistance box S in gap no. 1 and the tube G in 
gap no. 2. Take out exactly the same resistances from the resistance 
box 5 as before and in cach case get the null points for direct and 
reverse current. Find the mean length from the two readings obtained 
for each value of the resistance put in the box 5. 


(5) Calculate the value of R, separately from the null point 
lengths in each of the six cases (three before interchange and three 
after interchange) with the help of the equation (ii) stated in the theory. 
From these values, get the mean value of R,. This gives the correct 
resistance (Ry) of the coil at 4°C. 


(6) Now introduce the tube G into a hypsometer. Take care 
that the tube does not touch the water in the hypsometer. Heat the 
water of the hypsometer by a burner. The temperature of the coil 
will increase when it comes in contact with the steam produced in the 
hypsometer. When the thermometer 7 shows a steady temperature, 
repeat the operations (2), (3) and (4) and find the resistance (К) of 


the coil at temperature 7;^C. 


(7) Note the steady temperature (°С) shown by the thermo- 


meter. 
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Measurements : (Data given as illustrations) 


Resistance Distance of Mean 
(ohm) null point value 
(cm) of un- 
stance | known 
Left | Right Res. 
gap gap (ohm) 
R 18 
(coil) 
R 24 
R 2:8 E^ 
1:8 R (R) 
(inter- 
hanged) 
24 Rot 
28 R 
(Ri) 


ћ 


а R 
Calculations : 1. (a) Б 100-7, = = Вуке 
After interchange : 
5 T 
>= fe RS 
e R 100—7, А 
R L^ 
2 Каш АМИН Пра 
о < 10077 2 
А бег interchange : 
Oa DES "o 
R, 100—4' 
3. PERRE ohm/^C- 


c= === === 
Rit, —Retr 
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Remarks : (1) Heating coil should be kept far away so that the 
heat of the burner may not warm up the apparatus. The burner 
should be covered by asbestos board. (2) The error will be minimum 
if the null point is found near about 50 cm mark. (3) There are some 
materials whose resistance increases with temperature and some 
whose resistance decreases with the increase of temperature. (4) If 
Ко be the resistance of a wire at 0°C, then actually at /°С, К,= К 
(14-91 8.02 ..). If f be small, then only К=(1-ол). (5) If 
temperature coefficient of resistance is found between /,?C and 1.°С 
then it should be regarded as the mean coefficient in. that specified 
гапре of temperature. (6) The connecting wires used for joining 
the heating coil with the gap of the bridge should be as small as possible. 


Oral questions 


1. What is temperature coefficient of resistancé 2 
Ans. The change in resistance per unit resistance of a material for 1°C change: 
in temperature is called the temperature coefficient of resistance of the material. 


2. Name two materials whose temperature coefficient of resistance is posi- 
tive and negative. 

Ans. Copper and platinum have positive temperature coefficient while carbon, 
vulcanised india rubber have negative temperature coefficient i.e. resistance of these 
materials decreases with the increase of temperature. 

3. ‘Resistance of a material increases with the increase of temperature'—- 
What is the practical use of this property ? 

Ans. The practical use of this property is the resistance thermometers. An 
unknown temperature—specially a high temperature—can be measured by a resis- 
tance thermometer. 

4. Is there any harm if the connecting wires used to join the heating coil tube 
with the bridge gap are long ? 

Ans. If the connecting wires are long, their resistance will be added with 
the resistance of the coil. But when the coil is heated, its resistance changes while 
the connecting wires, which are at room temperature, will have its resistance un- 
changed. This causes an error in the value of the coefficient. 

5. Whatis the significance of keeping the null-point at the centre of the bridge 
wire ? 

Ans. If there be any error in determining the null point, the value of the 
unknown resistance found from the null point will be inaccurate. Now, it is found 
that the error in determining the null point becomes minimum when the null point 
is near 50 cm mark of the scale i.e. at the middle of the wire. In order to determine 
the unknown resistance with accuracy, the null point should be kept at the centre 
of the wire. 

6. Does the temperature coefficient of resistance of a material same for 


different range of temperature ? 
H Ans, No ; temperature coefficient depends on the range of temperature, 
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7. Is metre bridge method regarded as very accurate in determining the 
temperature coefficient of resistance of. а material 7 

Ans. No ; for accurate measurement, Callendar and Griffith bridge should 
be used. 

8. In preparing a standard resistance, manganin wiré is usually used. Why ? 


Ans. A standard resistance should remain constant at different temperatures 
i.e. it should be made of a material whose temperature coefficient of resistance is 
negligibly small. Manganin is such a material. И is an alloy of copper, manganese, 
and nickel. 


510. Détermination of the value of a low resistance by the fall of 
potential method : х 

Apparatus: Two low resistances (say 0'01 ohm and 0:03 ohm)— 
one of which should be a known standard low resistance and the 
other unknown, a metre bridge, a 4-way plug key ; a storage cell, a 
rheostat, a plug commutator, à table galvanometer etc. 

Description of the standard low resistance : The standard low 
resistance generally used in laboratories and as illustrated in fig 44 
is made of thick manganin strip. The strip, instead of being straight, 
is made wavy as shown inthe adjoining figure. Thé two ends of the strip 
are joined to two terminals fitted on an ebonite platform. If a current 
carrying circuit is connected 
between the terminals С, and С,, 
the current will flow through the 
low resistance. For this reason, С, 
and С, are called current terminals. 
But two given points on the strip 
are connected to two other termi- 

Fig. 44 nals P, and P, by thick wires below 
the platform. The value of the low resistance indicated (for example 
0:02) on the upper surface. of the platform is the resistance between 
these two given points i.e. between P, and Ра For this reason, these 
terminals (Ps and Р.) are called potential terminals. 

Circuit connections, : The necessary circuit connections have been 
а). Let X, and X, be the two resistances. The current | 
terminals Ca. and C, of the the resistance X, are joined to the left gap 
MN of the metre bridge. Similarly, the current terminals C, and C, 
‘are joined to the right gap RS. The potential terminals P, and P, 
of the first resistance are connected to the screws 4 and B respectively 


=> > = 
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of the 4-way plug key while those of the second resistance (Ру and P3) 
are connected to C and D screws respectively. One end of a table 
galvanometer G is joined to the common terminal E of the 4-way key 


Поре pO UG оем 4 way Key 


Fig. 44(a) 


while the other end is in contact with the jockey J. The terminals 
ofa storage cell B are connected to the.terminals M and S of the bridge 
through a rehostat R, and a plug commutator Г. 


Theory : Current from the cell arriving at M will be divided into 
two patts—one flowing through the low resistances and the other 
through the bridge wire. Suppose i, current flows through the bridge 
wire and i, through the low resistances. If the points a, b, c and d 
on the bridge wire are at the same potentials with the points А, B, С 
and D respectively, then i,X%,=4hp and i,X,=il,.p where p= 
resistance per unit length of the bridge wire. 

X; h 1 
ay bag ин 

x So, measuring 4 and l, and knowing the value of Х,, the value 
of the low resistance X, may be found out. 


270 DEGREE PRACTICAL PHYSICS 


Experimental procedure : (1) Make circuit connections as shown 
in the Fig. 44(a). 5 


(2) Connect the galvanometer G with the point 4 of the 4-way 
key by putting the plug in the hole just opposite to 4. Put two plugs 
in the commutator L— one іп the hole between the segments 1 and 2 
and the other in the hole between the segments 3 and 4. Put the slider 
at the middle of the rehostat. Sliding the jockey along the bridge- 
wire find the approximate position of the null point where a contact 
between the jockey and the bridge-wire produces no deflection in 
the galvanometer. The null point will be situated on the left end of 
the wire. At this stage, move the slider of the rehostat almost at one 
end where it offers the lowest resistance. The current will be maximum 
and the bridge will be very sensitive. In this condition, find the position 
of the first null point very accurately. Letitbea. Putthe commutator 
plugs in the other two holes so that the direction of the current is 
reversed. Again find the position of the null point accurately. Mean 
of these two readings gives the correct position of the first null point a. 


(3) In the same way, connegt the galvanometer G, one by one, 
with the points B, C, and D and find the positions of the null points 
b, c and d respectively fot direct and reverse currents. From the 
positions of the null points, calculate / and /; and hence the ratio 1,/1;. 


(4) Now interchange the positions of X, and X,— i.e. put the 
resistance X, in the gap RS and the resistance X, in the gap MN. 
Following the operations no. 2 and 3, find the values of /, and /, and 


; FL 
hence the ratio a 
1 


(5) Change the main current twice by changing the Position of 
the rheostat slider. Following the operations no. 2 and 3 find the. 
ratio 4/I, with X; in the gap MN and Х in the gap RS as well as the 
ratio l/l, by interchanging the positions of X, and X, in each case. 

(6) Find the value of X, from each observation and then ascertain 
the mean value. 
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Remarks: (1) The low resistances are to be connected to the 
gaps of the bridge by thick and short connecting wires. (2) Observa- 
tions must be taken with direct and reverse currents in order to eli- 
minate thermo-electric effects. (3) In order to make the bridge sensi- 
tive, the resistance in the rheostat should be minimum so that the 
current flowing in the bridge is high. (4) Current should not be drawn 
continuously for a long time ; otherwise undesirable effects may be 
produced due to heating. (5) The method may be used to compare 
two low resistances. (6) The experiment may be performed with a 
potentiometer instead of a metre bridge, ihe theory and the procedure 
being the same. 


Oral questions 


1. We generally measure resistance by the wheatstone principle. Why do 
you adopt a different method in this case? 

,Ans. By wheatstone bridge principle, we generally measure resistances of 
middle order value, The bridge becomes sensitive when all the four resistances of 
the bridge are comparable. For this reason, Wheatstone bridgi principle can not 
be used for the measurement of low or high resistances. 

2. Resistances of what value may be regarded as high or low? 

Ans. There is, of course, no hard and fast rule ; usually resistances smaller 
than 1 ohm are regarded as low and resistances greater than 1000 ohm as high. 
The rest are known as resistances of middle order value. E 

3. Why do you take direct and reverse currents while finding the null points ? 

Ans. Observations with reverse current eliminates errors due to thermo-electric 
effect. 

4. Which error is eliminated by taking observations with the positions of the 
resistances interchanged? | 

Ans. The bridge wire may not be uniform. Non-uniformity of the wire 
may bring in some error. This error is eliminated if observations are taken with 
the resistances interchanged. 

5. Should the current flowing through the bridge be high or low? 

Ans. The current should preferably be high ; for in that case, the bridge will 
be sensitive and location of the null point will be accurate. 

6. What is the harm if current is drawn continuously for a pretty long time? 
{ Ans. Continuous current produces sufficient heating which may bring in 
undesirable effects. 

7. Under what condition will / be equal to А? 

Ans. Evidently when x; is equal to хз. 


D.P.P.—18 
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8. In the experimental arrangement, how are the low resistances and the 
bridge wire connected? 


Ans. The low resistances are connected in series but the resistances and the 
wire are connected in parallel. 


9. Why do you use short and thick connecting wires for inserting the low 
resistances in the bridge gaps? 

Ans. Short and thick wires have almost zero resistance. If thin and long 
wires were used, their resistances may be comparable to the low resistances taken. 
In that case, the result obtained will be defective. 


5.11. Determination of a high resistance by substitution method using 
a shunt box : 


Apparatus: А high resistance box (a decade megohm box 
containing resistances from 0°1 megohm to 1 megohm), an unknown 
high resistance, a resistance box of 1 to 500 ohm range, a suspended 
coil galvanometer of high resistance, a plug commutator, a two-way 
key, two alkali storage cells, connecting wires etc. 


Circuit connections : Two alkali storage cells are joined jn series 
to form a battery E. One end each of the decade megohm box R and 
the unknown resistance X are connected to one pole (say, negative) 
of the battery. The other ends of the megohm box and the unknown 
resistance Х are connected to terminals 1 and 2 of the two-way Кеу, 
the third (or the common) terminal 
of the two-way key is connected 
to the commutator C. The positive 
pole of the battery is also joined 
to the commutator as shown in 
Fig. 45. Ifa plug is put in the hole 
between no. 1 and 3, the siegohm box 
R will be included $n the battery 
circuit. On the other hand, if the 
plug is inserted in the hole between 
по. 2 апа 3, the unknown resistance 
X is included in the battery circuit. 

Fig. 45 So, with the help of the two-way key, 

the megohm box R and the unknown 

resistance X may be brought, one by one, in the battery circuit. A 
galvanometer G, of high resistance with a low resistance box S (1 —500 
ohm) in parallel is connected to the other two screws of the commutator 


G 
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C. The resistance box S will evidently act as a shunt to the galvano: 
meter. 
Theory: If the known resistance R is put in the battery circuit, 
SiG 
SG 
Е 
5,6 
RESISA 
Sı +G 


the total circuit resistance=R-++ 


Hence, the main current J= - where S,=the resistance put 


in the shunt box. 


The current through galvanometer „= 3 ху 


5+6 
ASIE ы лой ЛЕТАА 
5+6 RSC К(5,+0)-5,0' 
Si+G 
If this current produces a deflection d, of the spot of light, then 
hee ук .-(i) where К is a constant. 


if X, the unknown high resistance is included in the battery circuit 
instead of the known high resistance К and S; be the shunt resistance 
used, then, the galvanometer current J,’ is given by, 
I, joes НОШОР 
8 X(S2+G6)+S.G 
Tf this current produces a deflection 4, of the spot of light, then 
р E.S: Ме ^ 
i,'= Хо ње йа 155 xe (ш) 
ети: „убу X(S2-G)4-$,G а, 
Dividing (i) by (ii) 5, 510150 d, 
As 51, Sz and С are small in comparison with R or Y, we can neglect 
d, S,(S,+G) 


S,G and 5,6. Thus, В «< (ii 
„Сапа 5, ‘hus, we ре ЖК (iii) 
If X be very high, so that the deflection 4, remains within the scale 
without any shunt (i.e. S,=oc), then, Y=R. is — „. Gv) 

2 1 


Equations (iii) or (iv) may be used to determine the value of an unknown 
high resistance equation (iv), of course, to be used when Х is very large. 


Experimental procedure : (1) Make circuit connections as shown 
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in Fig 45. Adjust the position of the scale so that the spot of light 
coincides with the zero mark of the scale. 

(2) Put a plug in the hole between terminals no. 2 and 3 i.e. 
include the unknown high resistance X in the battery circuit and take 
out a small resistance-from the shunt box S. Note the deflection of 
the spot of light. If the deflection is too much, reduce the shunt 
resistance and if the deflection is too little, increase the shunt resi- 
stance. In this way, adjust the shunt resistance to such а value 5 
that the deflection of the spot of light is within 10 cm and 16 cm range. 
Note the exact deflection. Reverse the direction of the current by the 
commutator. Deflection of the spot of light will take place on the 
other side of the zero-mark. Record the exact deflection and find 
the mean of these two readings. The mean deflection is d;. 

(3) Now include the megohm box R in the battery circuit by 
inserting the plug into the hole between the terminals 1 and 3. Put, 
as before, а small resistance in the shunt box 5 and the minimum 
resistance available in the megohm box (i.e. 0:1 megohm or 105 ohm). 
Note the deflection. It may be widely different. from the previous 
deflection d,. Adjust the value of the shunt resistance (say 51) so 
that the deflection is very nearly equal to the previous deflection. 
Reverse the direction of the current by the commutator and note the 
deflection on the opposite side of the zero-mark. Find the mean 
of these two readings. Let it be а. From the values of 51, Ss, d, 
and а, calculate from the eqn. (iii) of the theory, the value of X. [The 
galvanometer resistance G is to be ascertained from the teacher.] 

(4) Having finished the first set of observations in the above 
way, two more sets of observations are to be taken in the same way. 
In each of these two observations, new values of shunt resistances 
are to be used together with increasing values (for example 0:2 and 
0:3 megohm) of resistance R so that deflections with Х and R аге 
very nearly equal but different from other two cases. 

(5) The value of X is calculated for each set of observation. 
Finally, the mean of three values of X obtained from three sets of 


observations is ascertained. 
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Measurements : 
Resistance of the galvanometer (G)=...ohms (supplied). 


- i ————pL——— 
Resistance | Resistance] Deflection in cm. for 
No. of | in battery} in shunt ———À X Mean 
Obs. circuit box Direct | Reverse | Mean X 
current | current (ohm) 
| 
(9 x (S2) 
1 (un- 
known) 
Gi) R.. (S) 
(known) 
@) x + (S2) 
2. 
(ii) RE eG) 
(i) x G2) 
ip 
(ii) R eG) 
Е 4, , S(Sy--G) 
Calculations: X=R. 2x 2222 =...ohms. 
d, S\(S2+G) 


Remarks: (1) In each case, the deflection should be between 
10 ст to 16 ст. (2) The constant К (see theory) depends on deflection. 
For this reason, the deflections d; and d, for the known and the un- 
known high resistances should be very nearly equal or exactly equal. 
(3) By this method, high resistances of the order of 104—105 ohm 
may be measured. 


Oral questions 


1. What is the relation between ohm and megohm? 
Ans. 10°ohm=1 megohm. 
2. Why is metre bridge or P.O. Box not used for the measurement of high 


resistance? 
Ans, Metre bridge or P.O. Box becomes very insensitive in the case of a high 


or a low resistance, 


3. Why do you take almost equal deflections in the cases of the unknown and 
the known high resistances? 

Ans. See remark по. 2. 

*. How many significant digits should be retained in the final result? 

Ans. Not more than three significant digits. 
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5.12. Determination of mechanical equivalent of heat by Joule’s 
calorimeter : 


Apparatus: Joule’s calorimeter, lamp board, voltmeter (0—20 
volts), ammeter (0—5 amp), switch, thermometer (1/5°C), stop watch 
turpentine oil, balance, weight box etc. 


Description of Joule’s calorimeter: C is a nickel-coated copper 
calorimeter [Fig 46]. It has an ebonite lid. Through the holes in 
swircH (К) the lid, are inserted a thermometer 
= T, а stirrer S and a coil of wire А. 
The calorimeter is placed in a 
wider wooden box (not shown in the 
figure) and the space between the two 
is packed with wool or cotton. This 
prevents loss of heat. 

Circuit connections: At first 
the positive and negative of ‘the 
mains’ are to be ascertained. For 
this purpose, insert the leads coming 
from the mains into water kept ina 
beaker. Take care that: the wires 
do not touch each other. It will be 

Fig. 46 seen that along one lead, profuse 
gas bubbles are coming out. This is the negative of the mains. 
Connect the negative of the mains to the point P of the coil through 
a lamp-board L and a switch К as shown in the figure. The end P 
of the coil, therefore, gets negative potential. The lampboard acts . 
asa variable resistance. The positive terminal of the mains is connec- 
ted to the -l-ve terminal of an ammeter А, the other terminal of the 
ammeter being connected to the point О of the coil. The point О, 
therefore, gets positive potential. A voltmeter V is connected between 
the points P and О. The voltmeter will read the p.d. across the coil 
of wire. 

[N.B. Ifthe current is drawn from a battery instead of the mains, 
then the battery is to be prepared by connecting three or four storage 
cells in series and in that case a suitable rheostat may be used instead 
of the lampboard.] 


Theory: If a current і amp flows through a coil of wire for t 
sec. and if e volts be the p.d. across the oil, then the work done ЈУ 
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=e.i.t. joules. If H calories of heat are produced due to this, then 
W-—J.H. or e.i.t.—J.H. 


Now, if the coil of wire be immersed in m, gm of oil of sp. heat 
S, kept ina calorimeter of mass т, gm and sp. heat 51, the heat produced 
will raise the temperature of the oil. If the rise of temperature be 
(0, —0,)*C, then 
H —(m,8,-- m4S;) (0, —0,) cal 
e.i.t.—J.(m,S,--m3S;) (0, —0,) 
eit. 


ог, Је 
(m, 51 то 9 о)(0; —0,) 


joules/cal. 


Experimental procedure : (1) Clean and dry the calorimeter and 
the stirrer well and find its mass (m, gm) in a balance. 

(2) Pour in the calorimeter a quantity of turpentine oil 
such that the coil may remain fully immersed in it when the lid is 
placed on the calorimeter. Weigh the calorimeter with oil and the 
stirrer. From these two weighings, find the mass (т, рт) of oil 
taken. 

(3) Place the lid on the calorimeter and see that the coil is com- 
pletely immersed in the oil. Place the calorimeter inside a wider wooden 
box and pack the space between them with wool or cotton. Read 
the temperature (0,) of the oil with a thermometer. 

(4) Complete the circuit connections, keeping the switch K open 
Put suitable number of electric bulbs in the lamp-board so that the 
circuit current may be within 1 to 2 ampere. Close the switch K 
and at once start the stop watch. Stir the oil gently with the stirrer. 


(5) Record the readings of the ammeter, voltmeter and the 
thermometer at an interval of every one minute. When the rise of 
temperature is about 5°C, stop the current and the stop-watch. But 
continue stirring the oil. The temperature will slightly rise and then 
will become steady. Note the steady maximum temperature (0,) 
attained by the oil From the stop-watch record the interval (+) 
during which the current was allowed to flow. 
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Measurements : ^ 
(а) Determination of masses of calorimeter and oil. 


Weights Specific heats 
Empty cal4-Stirrer | Calorimeter-roil-- Oil taken Calorimeter | Oil 
stirrer та=(М—ту (5) (Sy) у 
(т) or 
..gmi4-..gm gm4-..gm 
.gm 


+..mg=..gm +..mg=..gm | 


(b) Time—Temperature table : [Data given as illustration] 
Initial temperature of oil (0,)=32°C 


Time {Temperature} Ammeter Mean | Voltmeter} Mean J 

(mnt) of oil (°С) | reading | ammeter | reading | voltmeter (joules/ 
(amp) reading (volts) reading cal) 
(i amp) (e volts) 

0 32°C(0;) 

1 2 

2 

3 Эр » 

4 36:5? current 
stop- 36:8? is 
watch 36:8" stopped ^ 
stopped | 368*(8) 


Calculation : Interval during which current flows (t)=.. sec, 

-Max" temperature (0,) attained=, .°С 

Initial temperature (0,) of oil—..*C 

eit. а 
Tm Em. e) joules/cal. 
Remarks : (1) Before Sending current, zero-error of the volt- 

meter and the ammeter, if any, should be noted, If there be any 
zero-error, the readings should be corrected accordingly. (2) The 


rise 
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of temperature should not be more than 5°C/6°C. If this rise of 
temperature be caused in a short time, by sending heavy current,.the 
radiation loss will be minimum. (3) The oil should be stirred conti- 
nuously in order to ensure uniformity of temperature throughout its 
mass. The rise of temperature does not stop as soon as the current 
is stopped. The rise continues for some time. (4) All precautions 
should be taken in order to reduce the Joss of heat. (5) The thermo- 
meter bulb must not touch the heating coil. 


Oral questions 


1. What is Joule's equivalent? What are its values in the Е.Р.5. and in the 
C.G.S. systems? 

Ans. Consult any text book. In the C.G.S. system J—42 joules/cal and in 
’ the F.P.S. system J— 778 ft Ib/B.th.u. 

2. Should you take too much of oil in this experiment? 

Ans. The quantity of oil should be such that the coil of wire is completely 
immersed in it. Too much of oil will delay the rise of temperature. Consequent 
radiation loss of heat will be high. 

3. Should the current strength be high ? 

Ans. Current strength should be between 1 and 2 amp. "во that the rise of 
temperature may take place quickly. 

4. How will you identify the positive and negative of ‘the mains’? 

Ans. Ifthe mains’ leads are dipped into water, profuse quantity of gas bubbles 
will be produced at the negative. 

5. How will you identify the ‘live wire’ of the mains? 

Ans. One end of the test-bulb is to be earth-connected and the other inserted 
successively into the two holes of the mains. In one hole, the bulb will glow and 
that is the live wire of the mains. 

6. What is the advantage of the switch being connected to the live wire? 

Ans. This will eliminate the possibility of a shock. 

7. What is the difference between an ammeter and a voltmeter? 

Ans. Ammeter is a current measuring instrument ; its resistance is very low. 
A voltmeter is a p.d. measuring instrument; its resistance is very high. 

8. Can you use alternating current instead of direct current in this experiment ? 

Ans. Yes, but in that case, the ammeter and the voltmeter should be a.c. 
ammeter and a.c. voltmeter. 

9. Can you measure the specific heat of oil by this experiment? 

Ans. Yes, in that case, the value of J should be supplied. 

10. Can you measure the resistance of the coil by this experiment? 

Ans. Yes ; by dividing the voltmeter reading (е) by the ammeter reading (i), 
we get the resistance of the coil. 

11. What is the law of production of heat by current? 

Ans. Consult any text book. 
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5.13. Determination of the reduction factor of a tangent galvano- 
meter, using a copper voltameter : 
Apparatus : A copper voltameter, a tangent galvanometer (single 


Pret DU TS 


: W 


or double coil), a battery (one or two storage cells in series) rheostat, 
box etc. 
Description of copper voltameter : It consists of a cylindrical 
a saturated solution of copper sulphate, 
< AD 2 slightly acidulated with sulphuric acid. 
i ШЕ i р { | 
|| ИЦ together form the anode anda detachable 
copper plate (K) of smaller area than the 
Wi 4 Т anode plates forms the cathode and it is 
| plates as shown in the fig. 47. The anode 
and cathode plates are connected to two 
lim on an ebonite disc which covers the glass 
Fig. 47 vessel. 
tions necessary for the experiment. 
A copper voltameter V and a 
with a battery E (either a single 
storage cell or an alkalie cell or two 
two terminals of the combination 
xs joined to the binding screws 
TE negative terminal of the 
battery is, however, connected to 
The binding screws A, and A, of Fig. 47(a) 
the commutator are joined to the 
phate is taken in the voltameter. 
Theory: If J amp. of current flowing through a tangent galva- 


Phol’s commutator, a stop watch, a spirit level, a balance and a weight 
glass vessel of circular (or rectangular) cross-section containing 
A pair of copper plates (A, A) connected 
|| held symmetrically between the two anode 
| | 
| binding screws P and Q' respectively fitted 
Circuit arrangement : Fig. 47(а) shows the electrical connec- 
rheostat Ку are connected in series 
such cells joined in series). The 
and B,of a Phol's commutator. 
the cathode K of the voltameter V. 
tangent galvanometer С. А freshly prepared solution of copper sul- 
nometer produces a deflection 0, then, 
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1—10. К. tan 0.. (i) where К is the reduction factor of the. 
galvanometer. 

Again, if the same current flowing through a copper 
voltameter connected in series with the galvanometer, for f sec. 
liberates W gm of copper on the cathode plate, then ДУЛЕ: 


ог Ie. .. (ii) whereZ is the E.C.E. of copper. Combining eqns 


(i) and (ii), we have, 10.K.tan 0 =e 


yeaa Е 
Toza ano ^7 
Knowing W, Z, t and 0, the reduction factor K can be found out. 


[N.B. If K is expressed in amp, the formula is И атр ] 
Z.t. tan 0 


Experimental procedure : (1) Level the tangent galvanomete! 
with the help of a spirit level. When the galvanometer is properly 
levelled, the coil of wire will be vertical and the magnetic needle toge- 
ther with the aluminium pointer will move over the horizontal scale 
freely. Slightly turning the circular wooden frame carrying the coil, 
about the vertical axis, bring the frame in the same plane with the 
magnetic needle. (п this condition, the coil and the magnetic needle 
will both lie in the magnetic meridian and the pointer will indicate 
(0° —0°) reading. In case the pointer does not read (0°—0°), the disc 
containing the needle and the pointer should be slightly rotated to 
bring the pointer in the (0? —0?) line. ` Now, the plane of the coil and. 
the magnetic needle are set exactly in the magnetic meridian. 

(2) Make circuit connections as shown in fig 47(a). Take care 
that the negative terminal of the battery is connected to the binding 
screw Q of the cathode [Fig 47]. 

(3) Pour a freshly prepared copper sulphate solution to which 
is added a little of sulphuric acid, into the copper voltameter so that 
the anode and cathode plates are fully immersed in the solution. 
Keeping the rheostat slider in the middle position, pass current through 
the galvanometer. Note the deflection of the pointer. Adjust the 
position of the rheostat slider so that the deflection of the galvano- 
meter is exactly 45°. Reverse the direction of the current with the 
help of the commutator. Note the deflection. It should also be 
exactly 45°. Remove the rocker from the commutator and stop the 
current 

(4) Take out the cathode plate K irom the voltameter. Rub 
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both ше surfaces ES the cathode plate by fine-grained emery paper to 
make it free from oily or greasy substances. Dust the plate with clean 
cloth and then wash it with distilled water. Dry the plate under 
electric fan. Do not use direct flame or hot air for drying purpose. 
It will oxidise the plate. 

(5) Weigh the clean and dry plate (ИЛ) in a balance to the nearest 
milligram, using a rider. Then place the cathode plate in its proper 
position in the voltameter. 

(6) Now put the rocker on the commutator and at once start the 
stop watch. Current will flow through the voltameter and the gal- 
vanometer ana the pointer will be deflected. Record the deflections 
indicated by both the ends of the pointer. Allow the current to flow 
foi 25 minutes. At the intervals of 5 minutes, reverse the direction of 
current several times and note the deflections, in each case, indicated 
by both the ends of the pointer. From all these readings of deflection, 
find the mean deflection (0). 

(7) When the interval of 25 minutes is over, stop simultaneously 
the current and the stop watch. Removal of the rocker from the 
commutator stops the current. Note from the stop watch, the exact 
time for which current is passed. Now carefully take out the cathode 

' plate from the voltameter and rinse it, first, with tap water and then 
with distilled water. As before, carefully dry the plate under a whirling 
electric fan. 

(8) Weigh the dry plate in the balance to the nearest milligram 
using a rider (W). Mass of copper deposited will be available by sub- 
tracting the previous weight (W,) of the plate from the present weight 
(W3). 

Measurements : (a) Mass of the cathode plate before current is 
passed =...gm-+...gm-+...mg+...mg=...gm (W) р 

Mass of the cathode plate after current is passed 

=...gm-+...gm+...mg+...mg=...gm (W3) 

Mass of copper deposited W=W, — W,—...gm 
S е туча equivalent of copper (Z)=0-0003293 т 


ELECTRICITY 


Measurement of deflection (8) : 


285 


Time- Direction of | Deflection (Degree) Mean 
interval current |— | defiection 
in mnts End I End II (degree) 

0-5 Direct 45° 45° 
5-10 Reverse 45° 46° 

10-15 Direct 

15-20 Reverse 

20-25 Direct 

Calculations : 
W=...gm 
t, ==25 min... sec: 
Z = 0003293 gm/coulomb 
[spes 
= w T 
то та ба и еј 


Remarks: (1) The galvanometer coil should be vertical and 
placed in the magnetic meridian. (2) To get a good deposit, the 
- current should be so adjusted that for every 50 sq.cm. area of the 
cathode plate, it is about 1 amp. Further, the density of the copper 
sulphate solution should be nearly 1:18 gm/c.c. and for every 100 c.c. 
of the solution 1 c.c. of sulphuric acid (conc) and 1 c.c. of alcohol 
should be added. (3) The cathode plate should be absolutely free from ` 
oily or greasy substances. After the deposition of copper, the plate 
must not be dried by the application of direct bunsen flame or any 
other flame. (4) Cathode and anode plates should be parallel to each 
other. They must, on no account, touch each other. (5) While reading 
the deflection of the pointer, parallax should be avoided and while 
. weighing the plate, rider should be used. (6) Readings must be taken 


with direct and reverse currents. 
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Oral questions 


1. Whatis reduction factor of a tangent galvanometer ? 

Ans. The current in e.m.u. that produces a deflection of 45? in the galvano- 
meter is called the reduction factor of the tangent galvanometer. 

2. What is the electrochemical equivalent of an element ? 

Ans. The mass of ion of the element liberated when 1 coulomb of current 
passes through any solution of the salt of the elenient is called the electro chemical 
equivalent of the element. 

3. Why do you keep the deflection restricted. to 45° ? 

Ans. From the principle of galvanometer it is found that proportional error 
in the measurement of current is minimum when the deflection is 45°. This is why 
the deflection is restricted to 45". ; 

4, Is the direction of current reversed in the galvanometer or in the vclta- 
meter in this experiment ? 

Ans. Thecurrent is reversed through the galvanometer only. Had the current 
been reversed in the voltameter, the nature of cathode and anode plates would have 
been reversed alternately and no deposit would have been available. 

5. Why do you take the readings of both the ends of the pointer ? 

Ans. The pointer may not. bé pivoted exactly at the-centre of the circular 
scale. In such circumstances, the reading of only one end of the pointer may not 
be accurate. The consequent error is known as eccentric error. To eliminate 
eccentric error, both the ends of the pointer are read. 

6. Which one i£ better—one coil galvanometer or double coil galvanometer ? 

Ans. Double coil galvanometer is better It is more sensitive and more 


accurate than one coil galvanometer. Р 
7, Can this experiment be performed keeping the galvanometer surrounded 


by а -magnetic material, say a thin iron sheet ? 

Ans. Мо ; if the tangent galvanometer is surrounded by a magnetic material, 
lines of force of earth’s magnetism will not be able to enter into the material and 
the galvanometer will not work. 

8. When copper is deposited on the cathode plate, is there any loss of weight 
of the anode plate ? Is the loss of weight of the anode plate equal to the gain of 
weight of the cathode plate ? If not, why not 7 

‘Ans. Yes, the anode plate loses some weight when copper is deposited on 
the cathode plate. Theoretically the loss of weight suffered by the anode plate is 
equal to the gain of weight by cathode plate but in practice the loss of weight is 
found to be greater. The reason is that with the loss of copper from the anode 
plate some of the impurities attached with the plate get loose and fall down on the 
bottom of the vessel. This makes the loss of weight of the anode plate greater. 

9. What is the difference between a voltmeter and a voltameter ? 

‘Ans. The vessel in which electrolysis of an electrolyte is carried out with the 
help of two electrodes is known as avoltameter. The instrument by which the po- 
tential difference between two points of a circuit is measured in volts is known as 
a voltmeter. 

10. What do you mean by an electrolyte ? Is mercury an electrolyte ? 

Ans. Any salt solution which undergoes ionisation when solution is prepared 
is called an electrolyte ; for example sodium chloride solution. Mercury, thous? 
а liquid, is not an electrolyte. , 
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5.14. Potentiometer and its-pricinple : 


Description: Fig 48 shows a type of 10-wire potentiometer 
frequently used in a laboratory. With this instrument, potential 
difference may be measured. It consists of ten wires of uniform cross- 
section, each one metre long and connected in series. The wires run 

E 


ИИ 


Fig. 48 


parallel to each other and rest on a milk-white glass plate mounted on 
а wooden platform. One end of the wire is soldered at A and the 
other at B. The wires are so selected that their temperature coefficient 
of resistance is low. Usually manganin or constantant wires are used. 
A triangular jockey, made of brass, can slide along the wires from left 
to right or from right to left and one of its legs L is always in contact 
with a brass-strip R—R. A galvanometer is connected to the terminal 
R fixed at the end of the brass-strip. This brings the jockey in contact 
with the galvanometer. If the central key T be pressed, the central leg 
touches the wire. By moving the central key forward or backward, 


the central leg may be brought in contact with any wire. 
Principle : Suppose AB is the potentiometer wire [Fig 48(a)]. 
A current is allowed to flow 
through the wire by means E us 
of a fixed e.m.f. battery E. + TERR T ( 
Let the resistance per unit 
length of the wire be c and 
B 


the current passing through A D 
the wire be 7 amp. рау 

The terminal p.d. of the АУ 1000 cmz------- => 
wire=1000 с x/[AB=1000 - Fig. 48(a) 


ст] 
The p.d. of the wire AD—IxoX1 
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The terminal p.d. of the wire AB__1000cxJ__ 1000. 
P.D. of the portion AD IxcxI | I 


Hence, the p.d. of the portion AD =i terminal p.d. ofthe wire AB. 


Hence, it.is seen that when a steady current flows through the 
potentiometer, the p.d. across any length of the wire is proportional to 
the length. This is the principle of the potentiometer. 


5.15. Determination of e.m.f. of a cell by a potentiometer : 

(а) Using a milliammeter : 

Apparatus: А potentiometer, а milliammeter (0-500 m.a.), two 
alkali or acid storage cells, а rheostat, a resistance box (1000 — 10000 
ohms), à plg key, a cell (say, a Daniel cell) whose e.m.f. is to be 
determined, a table galvanometer, connecting wires etc. 

Circuit connections : Fig 49 shows the necessary circuit connec- 
tions. Two storage cells (either acid or alkali) E are connected in 
series to forma battery. The posi- 


rt rS tive terminal of the battery is 
Am E1 connec ted to the binding screw 
AW + Х 

Tora < A of the potentiometer and the 

Ane И SQ) negative terminal to the binding 
Si z a 

7 Г {KF screw B, through a milliammeter 

к в Am, а rheostat Rh and а plug key 

K. The positive terminal of the cell 

Fig. 49 E, (a Daniel cell) whose e.m.f. is 


to be found out is connected directly to the binding screw A while its 
negative terminal is joined to a resistance box S. One end of a table 
galvanometer G is connected to the resistance box S and the other end 
to the jockey (via the brass-strip of the potentiometer), The milli- 
ammeter will record the current flowing through the potentiometer 
wire. The rheostat will control the current and the high resistance’ S 
which is in series with the galvanometer, will protect the galvanometer, 
in case, a high current passes through it. 

Theory : Leti amp current flow through the potentiometer wire 
of resistance г ohm. Then the p.d. between the points A and B of the 
potentiometer =i." volts. So, the p.d. per cm. of the potentiometer 


e 00 volts (total length of the potentiometer wire being 1000 m). | 


un 


| 
) 
| 


potentiometer wire by а'Р. о. Box in the пора“ Wi 
ay. [If h 
resistance is supplied, this operation need not be DAE RE 
i (2); Make the circuit connections as shown in the fig 49.. Tak 
care that the positive terminals of the, battery E and the cell E, p 
1 


connected: to the point А of the potentiometer. Also see that the 


milliammeter is connected properly in the potentiometer circuit 

КО: Put the зИдег ог the rheostat in the minimum У ist 
position. so that the maximum possible current that tnc milli DRE 
can stand is allowed to flow. Put the plug in the plug key К A 
out a high resistance (of the ordez of 10,000 athe orc die fake 
Put the jockey in contact with the beginning of the фмс — SEN 


‚ at А and note the galvanometer deflection. Next, put the jockey in 


` contact with the end of the wire at В. If the deflections of the galvano 


meter are opposite, the connections are right. If the deflections are 
not opposite, the connections are defective. In such cases, check the 


‘connections again. Take the help of the t 
3 eachers, if ne 
detect the fault in the con;ections. ESSARY, О 


ga Having made. proper connections, increase the rheost 

resistance (i.e. decrease the potentiometer current) till the null ostat 
is obtained at the tenth wire. The null point should be acc point 
found out by decreasing the resistance in the box S to a m urately 
value. This null point is noted thrice and the mean is VES 


Note the milliammeter reading. 
(5) Now decrease the rheostat resistance a little. Putting а 


high resistance (10,000 ohms) in the box S, find out approximate 


position of the null point at the nineth wire. Then m 

ake 
accurately find the null point thrice. From these tarde Y and . 
mean position of the null point. Note the current from the abe 


meter. 
(6) Repeatthe above operation so that su point is now obtained 


at the eighth wire. 
Measurements : (a) Resistance of potenti 
e t i 
Man p lometer wire (г)==,.. 
(Give a table for P.O. Bos measurement) [ 


D.P.P.—19 
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(b) Determination of пи! point : (Data are for illustration) 


Nul! point length 


No | Current | Current Ej 
of rom in amp. Scale Mean | length | i.r./ 
Obs | milliam- reading | scale (D уон 


reading 
(ст) 


meter 
(т.а) 


Mean é.m.f.—.. . volts. 


И.Е 


i : =ске „МОЈЕ. 
Calculations: 1. Ё 1000 
25 E... 
3. ELS. 


Remarks : (1) The deflection of the galvanometer may not be 
jockey is made to touch the first and the last wire 
faults in the circuit arrangement viz. (i) the positive 
апа £, аге not connected to the same point 4 
of the potentiometer or (ii) the e.m.f. of the cell E is less than that of 
the cell Еј. So, before procceding with the experiment, care should 
be taken against these two points. (2) In each observation, rough 
balance point should first be found out with a very high resistance in 
the box S and then the galvanometer is to made very sensitive by 
making S=0 and then accurate balance point should be found out. 


opposite when the 
due to two possible 
terminals of the cells E, 


(b) Without using a milliammeter : 

Apparatus : All apparatus required in the previous experiment 
except the rheostat. In place of rheostat a resistance box (0-500 ohm) 
and a voltmeter are needed. 

Circuit connections : Same as in the previous experiment except 
that the rheostat is replaced by a resistance box R (0-500 ohm). 
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Theory : Suppose, E=e.m:f. of the battery in the potentiometer 
circuit. i 
r —resistance ofthe potentiometer wire. 
R=resistaace put in the box in the potentio- 
meter circuit. 


Then the current Г dowing through the potentiometer is givea 


ду а 
Hencs, p.d. across the points A and В of the potentiometer 
e Ет 
TRIT 


TELS 7. volt/om 
(x 100 | 
If 1 cm. be the length of the null point when the cell E; is balanczd, 
E; r. 
REN 1000 " 


So, p.d. per ст. of the potentiometer wire = 


the e.m.f. of the cell Е = olts. 

Experimental procedure : (1) Measure the resistance (r) of the 
potentiometer wire by a P.O. Box in the usual way and the e.m.f. (E) 
of the battery in the potentiometer circuit by а voltmeter. 

(2) Make circuit connections as shown in fig 49, replacing ше 
rheostat by a resistance box, say R. Take саге that the positive termi- 
nals of the battery E and the cell E, are connected to the binding screw 


A of the potentiometer. 

(3) Put a high resistance (about 10,000 ohms) in the box S nd 
insert the plug in the key K. Without putting any resistance in the 
box R, bring the jockey in contact with the beginning of the potentio- 
meter wire at А and note the galvanometer deflection. Next put the 
jockey in contact with the end of the wire at B. If the deflections 

ге opposite, the connections are right. If the 


of the galvanometer аг 
deflections are, however, not opposite, the connections are defective. 


Check the circuit in sucli cases and set it right. 

(4). Keeping the resistance S unchanged, adjust the resistance in 
the box R, so that an approximate null point is obtained at the last 
wire. Now make the galvanometer sensitive by making the resistance 
S=0 and find the null point accurately. Reneat it thrice and get the 


mean reading. 
(5) Now decrease the resistance in the resistance box R, by such 


an amount that the null point shifts to ninth wire. First, find the 
approximate position of thie null point by putting a very high resi- 


(A table for Р: urement should be given) 

| (b) E.M.F. of the battery in the potentiometer circuit > ` 
Before the commencement of the experiment =.. .volts. 
After the completion’. 


| | 


3 ” 


.. Volts. 


4 7 | Average emf, Е==. . volts. 
"(су Determination of null point : 4 


Е rl. 
qup 1000 
volt 


Mean e.m.f. £,=.. -volts. 


: E r.l 
Calculations : 1. Ё= REJ x 1000 =.. , volts. 
У д, Е... 
3. E... 


(c) With the help of a standard cell : 


paratus : А potentiometer, two stosage cells (acid or alkali), 

a cell (say, Leclanche's cell) whose e.m.f. is to be found out, a standard 

cell, а theostat, a plug key, a two-way key, a high resistance box 
(0-10,000 ohm), a table galvanometer etc. 3 
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Circuit connections : AB is the whole potentiometer wire [Fig 50] 
to which are connected in series a battery E (made of two storage cells 
joined in series), а rheostat К, and a plug key К. The positive terminal 
of the battery E is joined to the binding screw А of the potentiometer. 
E, and E, are respectively a standard cell (a Daniel cell, say) and а 
Leclanche's cell. The positive ter- 3 
minals of both the cells are joined = eren k—2 Way key 
to the screw А. The negative ter- 1 oF | 
minals of the cell Е; and E, are m 


connected to the galvanometer G =: |! 
through а two-way key Ку. The Е 
other end of the galvanometer is Bh 
connected to the jockey through k 


a high resistance box S. When the 
plug is put in the hole no. 1 ofthe 
two-way key, the cell E, is connected to the galvanometer. On the 
other hand, if the plug be inserted in the hole no. 2, the cell E, is in- 
cluded in the galvanometer circuit. The e.m.f. of the battery E should 
be greater than the e.m.f’s of the cells E, and Е;. 

Theory : Jf a cell of e.m.f. Е, is balanced by a length /; of the 
potentiometer wire, then Eccl 

Similarly, if another cell of e.m.f. E, is balanced by a length /, of 
the same potentiometer, then Е,осі, 

к 5 or E=". E 
2 I, ћ 
Knowing Е, and finding /, and 1, experimentally, the value of E; may 
be found out. 

Experimental procedure : (1) Making the rheostat resistance zero 
and the resistance in the box S highest (say, 10,000 ohm), put the plug 
in the key K. Insert the plug in hole по. 1 of the two-way key Ку. 
This brings only the standard cell E, (the Daniel cell) in the circuit. 
Pressing the jockey key, bring the central Jeg of the jockey in contact 
with the beginning of the first wire and the end of the last wire. If 
the deflections in the galvanometer in the two cases are opposite, the 
connections are right. Bringing the jockey in contact with different 
wires, find the approximate null point when the galvanometer produces 


no deflection. | 
2) Now, insert the plug in the hole no. 2 of the two-way key K;. 


This brings the Leclanche's cell Ез inthecircuit. Keeping the rheostat 
resistance zero and S very high, find the approximate null point as 
in operation no. 1. The length of approximate balance point for the 


Fig. 50 
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cell of higher e.m.f. will be greater than that of the other. Suppose 
the e.m.f. of the cell E, is greater than that of the cell Е. These 
operations ensure that the e.m.f. of the battery E in the potentiometer 
circuit is greater than the c.m.f. of the cell E, or E, This is essentia! 
for the success of the experiment. 

(3) Put the plug in the hole no. 1 of the key К, again bringing 
the cell E, in the circuit. Put some resistance in the rheostat and find 
approximately the number of wire on which the balance point lies. By 
slowly increasing the rheostat resistance, bring the null-point on the 
tenth wire. Now, making the resistance S=0, find the position of 
the null point correctly and accurately (hem). If the cell Е, is balanced, 
the cell ЕЁ» will also be balanced for the same current, because the 
e.m.f. of the cell E, is greater than the e.m.f. of the cell E>. 

(4) Do not change the position of the slider of the rheostat. 
Put the plug in the hole no. 2 of the two-way key K, bringing the 
Lechanche's cell E; in the circuit. Following tne operation (3) find 
the nul) point (l, cm) first approximately ard then accurately. 

(5) Decrease the rheostat resistance by moving its slider i.e. 
increase the current through the potentiometer. Push the null point 


for the cell E, to the ninth wire and find also the exact null point for 


the cell E>. 

(6) In this way, take another set of readings with a slight lower 
rheostat resistance bringing the null point for the cell E; on the 8th 
wire. 

(7) Find the ratio l/h in each case. Ascertain the e.m.f. of the 
standard cell (£,) from the teacher. 


Measurements : E.M.F. (E;) of the standard cell—... volts 
Balance points for 
No. ГА Е,= 
of the cell E, the cell E; "m (6 
Obs д 
Мо of | Scale | Total volts 
wire | reading | reading 
(l) 


Mean value of E=.. volts. 
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Remarks: (1) All positive terminals of the cell Е; E, and E; 
should be connected to the binding screw 4 of the potentiometer, 
(2) The e.m.f. of the battery E should be greater than that of the cell 
Е, or E, (3) Continuous current through the potentiometer wire 
should be avoided. It produces undue heating causing a continuous 
fluctuation of null point. The plug of the plug key should be taken 
off for a while after finding each null point. 


Oral questions 


1. What is the working principle of a potentiometer ? 
Ans, See page 287. у 


2. Why the cell in the potentiometer circuit be of greater e.m.f. than the other 
cells ? [ 
Ans. If the cell in the potentiometer circuit be not of greater e.m.f., the termi- 


nal p.d. of the potentiometer wire will be less than the e.m.f.’s of the other cells and 
null point will not be available for the cells. 
3. What is the advantage of having the null point on the tenth wire ? 
Ans. It will produce minimum percentage of error. 
4. Why does the null point change slowly with time ? 


Ans. Continuous current produces heating of the wire and a consequent 
change in the resistance of the wire. This causes a slow fluctuation of null point 


with time. 

5. What is the practical unit of e.m.f.? 

Ans. Volt. 

6. What is the difference between e.m.f. and p.d. ? 

Ans. Consult any text book. 

7. What should be done to bring the null-point on the 10th wire ? 

Ans. The rheostat resistance should be increased so that a smaller current 
flows through the potentiometer. This will reduce the p.d. across the potentio- 
meter wire and the null point will be obtained on a lower wire. 


8. Should the potentiometer wire be uniform ? 
Ans. Yes ; in that case, the fall of p.d. along the wire will be uniform. 


5.16. Measurement of current by a potentiometer : 


age (acid or alkali) cell, a Daniel cell, a po- 
tance box (1-1000 Q), a standard low resis- 
ter, a P.O. box, a resistance coil 


Apparatus : A stor: 


tentiometer, a high resis! 
tance (1 ohm), a table galvanome 


(20 ohm), two plug keys, voltmeter etc. 
Circuit connections.: Connect а resistance coil R' (20 О), а stan- 
dard low resistance r (1 ohm) and a plug key K' in series with a Daniel 


296 DEGREE PRACTICAL PHYSICS 


cell E' (Fig. 51). Current flowing in this circuit is to be found out. 
In series with the potentiometer АВ, connect а Storage cell E, a high 
^ resistance box К aud a plug 
key K. Then, connect the 
positive end of the standá:d 
low resistancer to the bind- 
ing screw А of the potentio- 
meter and the negative end 
to the jockey J through the 
galvanometer G. 


Theory: Let i be the 
current flowing through the 
Fig. 51 standard low resistance r. 

Here, the terminal p.d. of the resistance r=i.r [Fig. 51] 

If this p.d. is balanced against a length / cm. of the potentiometer, 
then, ir—l.e where e is the p.d. per cm. of the potentiometer wire. 
adi. is Re 
RR, 1000 
the potentiometer circuit, R,=resistance of the potentiometer wire 
and R= resistance put in the box in the potentiometer circuit. 

10 E Bod 
ТЕТЕ, i000 F 

Experimental procedure : (1) Measure the resistance (R,) of the 
potentiometer wire by а P.O.Box in the usual way and the e.m.f. (E) 
of the storage cell in the potentiometer circuit by a voltmeter. 

(2) Make the electrical connections as shown in fig. 51. See 
whether the positive end of the standard low resistance (r) is connected 
to: the binding screw A of the potentiometer. Put some resistance 
(say, 20 ohms) in the resistance box R. Put the plugs in the plug 
keys Kand K’. Note the deflection of the galvanometer after making 
contact between the jockey and the beginning of the potentiometer 
wire. Now bring the jockey in contact with the end of the wire. 
If the deflection of the galvanometer is opposite to the previous de- 
flection, the connections are right. If not, the connections are defective 
or faulty. Remove the fault, if necessary, with the help of your teacher. 

(3) Having made the correct connections, adjust the resistance 
of the box R so that the null point is obtained somewhere at the 10th 
wire. Find the exact position of the null point twice—once by moving 
the jockey from left to right along the 10th wire and then by moving 
it from right to left. Find the mean of these two readings. 


Now, e where E=e.m.f. of the battery Е in 
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(4) Decrease the resistance in the resistance box R so that the 
null point shifts to 9th wire. As before, find the position of the exact 
null point twice—once by moving the jockey from left to right and then 
in the opposite direction. Get the mean of these two readings. Re- 
peat the operation again with suitable resistance in the box so that the 
null points is obtained at the 8th wire. 

(5) After the experiment, again find the e.m.f. of the battery 
E with a voltmeter and find the mean of the initial and final values of 
Е. Calculate the value of the current in each observation and the 
mean therefrom. 

Measurements : (a) Resistance of the potentiometer wire 

R,=.. ohms 

[Give a table for P.O. Box measirentent] 

(b) E.M.F. of the storage cell: 

Value before experiment=.. volts 
after » » 
Mean Е=.. volts. 


(c) Measurement of balance point : _ 
Standard low resistance used (г)=.. ohm. 
— 


Total Current 
length (i) 
(1. cm) amp 


»”» 


Balance point 


No. | Resistance |— 
of | in R-box | No. of 
Obs. | „(А ohm) wire 


Scale 
reading 


Mean current—.. amp. 
E A 

=— X — X - =... .amp. 

L CRIR 1000 У 2 

2. i=.. amp. 

3. i=.. amp. 


Calculations : 
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Remarks : (1) The positive end of the standard low resistance: 
should be connected to the positive cad of the potentiometer wire. 
(2) Continuous current should not be allowed to flow through the po- 
tentiometer. It may cause undesirable heating and fluctuation of 
null point. After each observation, current should be cut off for 
some time by taking off the plug from the plug key. (3) If a suspended 
coil galvanometer is used instead of a table galvanometer, a high 
resistance should be connected in series with it. 


Aiternative method : With the help of a milli-ammeter : 


Apparatus: One or two alkali storage cells, а Daniel cell, a 
potentiometer, a rheostat (20 ohm), a standard Jow resistance (1 ohm), 
а table galvanometer, а P.O. Box, a resistance coil (20 ohm), two 
plug keys, 2 milliammeter (0-100 m.a.) etc. · 


Circuit connections : Fig. 52 shows the necessary circuit con- 
nections. А Байсу of two alkali storage cells in series (or one cell, 
as the case may be), а 
rheostat R,, a milliammeter 
(МА) and а nlug key K are 
connected in series between 
the binding screws А and 
B of the  potentiometer. 
With the Daniel cell Е’, a 
resistance coil A' (20 ohms), 
a standard low resistance г 
(1 ohm) and a plug key К, 

Fig. 52 are connected in series. 
The positive end of the low resistance r is joined to the binding 
screw А of the potentiometer and the negative end to the jockey J 
' through a galvanometer G. 


Theory : Let i be the current flowing through the low resistance 
г. Here, the p.d. at the ends of the resistance r—i.r [Fig. 52]. If 
this p.d. is balanced by a length / of thc potentiometer, then, ir=Le 
where e is the p.d. per cm. of the potentiometer wire. 


R 
—— where /=current recorded illi- 

1000 ^ 1000 ed by the milli 
ammeter in milliampere and R=resistance of the potentiometer wire. 


But PES X 
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Experimental procedure: (1) Measure the resistance of the 
potentiometer wire by a P.O. Box. See whether there is any zero-error 
in the milliammeter. If the pointer reads zero when no current 
flows through the milli-ammeter, the instrument has no zero-error. 

(2) Make connections as shown in fig. 52. Take care that the 
positive end of the low resistance r 1s joined to the positive end (4) 
of the potentiometer. Keeping the slider of the rheostat R at the 
middle position ; put the plugs in the keys Капа K,. Then bring the 
jocky in contact with some point of the wire very near A and note 
the deflection of the galvanometer. Next make contact with some 
point of the wire very near B. Мане deflection of the galvanometer 
now be opposite to the previous deflection, the connections are al- 
right. If not, the connections have defect. Check tne connections 
and set them right. If necessary, the help of the teachers may be 
sought. 

(3) Having made the right connections, adjust the position of 
the slider of the rheostat so that the null point is obtained somewhere 
at the 10th wire. Find out accurately the position of the null point 
twice—first by moving the jockey slowly from left to right along thé 
tenth wire and then from right to left. Find the mean of these two 
readings. Also record the current (Г) shown by the milliammeter. 
(4) Moving the slider a little, increase the current through the 
potentiometer so that the null point is shifted to the 9th wire. As be- 
fore find the position of the null point twice and the mean therefrom. 
Also note the current from the milliammeter. Repeat the operation 
once again with the null point obtained at the 8th wire. 

(5) The values of current obtained from three observations are 
to be separately calculated and the mean value is to be found out from 


them. 
Measurements : (a) Resistance of pofentiometer wire. 


К=.. ohms 
[Give the table for P.O. Box measurements] 
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(b) Measurement of current : У 
The standard low resistance (г) used—.. ohm 


Position of the balance point E 
! . LRI| Mean 


No. | Milliammeter | 
of reading Scale | Total | Mean i 
Е (I т.а) reading | length 


Calculations : 


1 aoi 10-5—.. атр. 
2. i—..amp. 
3. 1==..атр. 

Oral questions 


1. What did you actually measure in this experiment 7 Current or poten- 
tial difference ? 

Ans. In this experiment, the p.d. across the standard low resistance was 
measured by the potentiometer and then dividing the p.d. by the low resitance, 
current flowing through the circuit was calculated. 

2. Why are you advised to keep the null point at the 10th wire ? 

Ans. It keeps the percentage error minimum. 

3. Why is it not desirable to draw continuous current through the poten- 
tiometer ? м 

Ans. See remark по. 3, page 295. 

4, Which one would you prefer—a table galvanometer or a suspended coil 
galvanometer ? 

Ans. Suspended coil galvanometer. It is more sensitive, 

5. Inspite of the positive end of the standard low resistance bein d 
to the positive end of the potentiometer, the deflection in the Gime | 
to be always in the same direction. What may be the reason of it 2 


ж 5,17. Measurement of the thermo-e 
to draw E—T curve : ее аа 


Apparatus: A potentiometer, а st ; ic 

) | orage cell (either: i 

ae alkali cell), a resistance box (0-10,0000), Е plug NAA CE He ae 
unnel, ES thermometer, а  copper-constantan "ther ce 

connecting wire, a voltmeter etc. mocouple, 


Description of the thermo-couple : { К 
by soldering two wires of different CHR rod. Pes yis. 
pieces of copper wire and a piece of constantan ka Here, two. 
to prepare the thermo-couple. One end of a copper dave ве ue 
to one end of the constantan wire while the other end of the ets 
wire is similarly soldered to one end of the second сорре Му о ў 
опе end of each copper wire free. If the two d E. leaving 
couple so prepared be kept at a temperature differenc x еп, ; 
potential difference of about 5000 micro-volt will be Hate > 
Circuit connections : One junction of the thermo-couple is i 5 
into powdered ice kept in a funnel. Its temperature is ^C (olay 

cold). 


The other junction is 
dipped into a test tube Copper Constantan Copper 
containing turpentine. ў 
The test tube is placed 
in a large beaker con- 
taining water. When 
the beaker is heated by 
a burner, the junction. 
of the thermo-couple 
immersed in the water is 
heated (hot). One of the 

Fig. 53 


free ends of the copper 
wire of the couple is connected to the binding screw А of the pot 
en- 


* Бог North Bengal University only 
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tiometer and the other free end to the jockey J through a suspended 
coil galvanometer G. A storage cell E, a resistance box R and a plug 
key K are joined in series with the potertiometer wire AB. 


+ Theory : When one junction of a thermo-couple is kept at 0°C 
and the other junction at a higher temperature, a thermo-e.m.f. is 
developed in the couple. И this thermo-e.m.f. (E) is balanced against 
the p.d. across a length / of the potentiometer wire, then E=e x /, where 
e=p.d. per ст. of the potentiometer.wire. Now, suppose, the e.m.f. 
of the cell E in the potentiometer wire—E,, the resistance put in the 
box=R and the potentiometer resistance—r, then, 


the p.d. between А and pm 


Tr 
As the length of the wire between А and Bis 1000 cm, the p.d. per cin. 


of the wire is given by gue ЕГА. volts (i) 
(R+r)x 1000 ems 


Ета 


= j000(R.7) volts ot GT) 


If the temperature of the hot junction of the thermo-couple be 
changed, the thermo-e.m.f. is also changed. Measuring thermo- 
e.m.f’s at various temperatures (1) of the hot junction, a graph between 


Е and t may be drawn. 


Experimental procedure : (1) Measure the e.m.f. (Ej) of the 
storage cell E by a voltmeter accurately upto two places of decimal. 
Measure the resistance (г) of the potentiometer wire by a P.O. Box. 
(Sometimes, the resistance of the potentiometer js supplied. In such 
cases, measurement of resistance is not necessary). 


(2) Make circuit connections as shown in fig. 53. Insert а 


sensitive thermometer (ЛВ division) into the turpentine kept in the 
test tube. See that the bulb of the thermometer is Very near the hot 
junction. | 
3) If the cold junction of a copper-constanta: 

Be Г ia and the hot junction at 100°C, a few пара eMe 
of p.d. is developed. To measure it, a p.d. of 5000 micro-volt between 
the points A and Bof the potentiometer or 5 micro-volt per centimeter 
of the wire need be produced. For this purpose, a suitable resistance 
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is to be put in box R so that the p.d. per ст. of the wire i.e. e becomes 
5p V. This value of R can be calculated from eqn. (1) of the theory*. 


(4) Now, it is to be checked whether the positive end of the 
thermo-couple is joined to the binding screw А of the potentiometer. 
To do this, making R=0, allow the jockey to touch the beginning of 
the wire and note the galvanometer deflection, Now briag the jockey 
in contact with the end of the wire. If the deflection is opposite to 
the first, the positive end of the couple has been properly joined to the 
If the deflection be not opposite, then the connection of 
ге thermo-couple is to be reversed i.e. the terminal connected to the 
galvanometer be now joined to the binding screw A and vice versa. 
istance in the box Ras calculated in operation (3) so that 


Then put resi 
2 p.d. of 5 micro-volt ре: cm. (6) of the wire is produced. 


screw А. 


(5) Keep the hot junction of the thermo-couple at room tempera- 
ture and note the temperature (°С) from the thermometer. Find the 
null point on the potentiometer wire and read the length of the null 
point (hem). [Probably, the null point will be obtained at the Ist or 
2nd. wire]. Calculate, the thermo-e.m.f. developed at that tempera- 


ture by multiplying e (=5 х 10-6 volt) with A. 


(6) . Heat the water in the beaker by a burner and raise its tem- 
perature by 10°C. Stir the water gently and by controlling the heat, 
keep the temperature of the water constant for a few minutes. Note 
the constant temperature ` (15). | While the temperature of water is 
kept constant, find the balance point and its length (/,). (Perhaps 
the null point will be obtained at the 3rd. wire). Find the thermo- 
e.m.f. corresponding to the null-point length /, by the product els. 


(7) In this way raise the temperature of water by steps of 10°С 
] the temperature becomes 80°C. At every step, the temperature 
constant for a few minutes by controlling the heat and 
hould be found-out when the temperature becomes 


unti. 
should be kept 
the balance point s 
constant. 


* Suppose the e.m.f. of the cell E=2 volt (Ез) and the resistance of the poten- 


1e—SpVjem, then 5x10-*—...2X20 _ 
: (20) х1000 


2. R=7980 ohim. 
if resistance of 7980 ohm is put in ‘the box R, the p.d. per cm. of the 
tiometer wire will be 5k V. 


tiometer wire=20 ohms. (r). 


So, 
poten! 
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З (8 Draw a graph. between the ect of the hot Шей 
of the. ше and the thermo-e.m-f. developed: - ‘Temperature is to 
: be: “plotted along the ‚Х-ах and. 


80°C), the: “graph . will ‘be a straight: X 
Jine (straight: portion of the patabola) d 
as shown in fig. 53 (а). | 1 


M Measurements ` NO ЕМЕ. of 
зо so -80 X (ће storage cell (E)=.... volt. (E) © 
—— Temp(£e) Е Resistance of the potentiometer 
Fig. 53(a) wire (r) —... . ohm 
[Table for P.O. Box measurement may be given here| ў 


B: 


- Thermo etek 0 


For calibration of the potentiometer wire (i.e. for ap.d. of 5x 102% · 
uV рег cm), the resistance put in ће box R=. - .. ohms (В) i 


(b) E-t table : 


Position of null point 


Temp Temp. pepe 
д of Total e E=e,l, 


of | 
cold | hot "| readi | length (volts): |. (volts) . 
junction | junction i (cm) m4] i 
eo. 
v e) | 5x10% | 5x10 
у xh 
У » e) ; ^ 5х 10-8 
хћ 
o -(h) „| 5x 10-8 
Xl, 
| a d etc \ 
‚ үке Ег т. 
0° y 
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Remarks : (1) During experiment, the cold junction of the 
couple should remain always at 0°C. Theheatof water in the beaker 
may be conducted to the cold junction through the wire which, by 
melting ice round the junction, may create an air pocket there. If 
it happens, the temperature of the cold junction may not be 0°C. То 
prevent it, the mass of ice should be poked from time to time with 
an iron wire and fresh powdered ice need be added into the funnel. 
(2) Both the junctions will remain well dipped in ice and turpentine 
respectively. (3) The difference between the temperatures of cold 
and hot junctions should not be high because in that case, the graph 
may not be a straight line. (4) The burner should be sufficiently 
far away from the cold junction. (5) A shunt should be used with the 


galvanometer. 
Oral questions 


1. What are the thermo-electric effects ? What is a thermo-couple ? 

Ans. Consult any text book. 

2. Ifa graph is drawn between the temperature of hot junction and the thermo 
e.m.f. developed, the cold junction being always kept at 0°C, will it be a straight line ? 

Ams. For small range of temperature, it will be a straight line but for higher 
temperatures the curve is a parabola. 

3. What are the neutral temperature and temperature of inversion of a 
thermo-couple ? 

Ans. Consult any text book. 

4. What is the relation between the thermo-e.m.f. and the temperature dif- 
ference between the two junctions of the couple ? 


Ans. If the cold junction be at 0°С and the hot junction at г°С, then for mo- 
derate range of temperature, the thermo-e.m.f. E is given by E=at+-bt* where а 
and b are two constants which depend on the nature of the thermo-couple. 


5. What is the most important practical application of a thermo-couple ? 


Ans. The most important application is the measurement of temperature, 
Very high temperature can be measured by a thermo-couple. 


6. How did you calibrate the potentiometer in this experiment ? 
Ans. The potentiometer is so calibrated that p.d. per cm. of the wire is 5 


` micro-volt because for a difference of temperature of 100°C, the p.d. developed in 


the given couple is about 5000 micro-volt. 


D.P.P.—20 


6. SOUND 


*6.1. Determination of the frequency of a tuning fork by a sonometer 


Apparatus : А sonometer, a tuning fork, a padded hammer, 
some slotted weights, metre scale etc. 


Description of sonometer: Fig 54 shows а sonometer. It 
consists of a wire stretched on a hollow, rectangular wooden box. 
One end of the wire is fixed to a peg and the other end hangs vertically 
supporting a hook. The string 
passes over two fixed bridges А 
and B anda pulley P. When 
weights (W) are put on the 
hook, the wire becomes taut. 
Between the two fixed wooden 
bridges А and B, there is a 
movable bridge M. Ifthe por- 

Fig. 54 tion of the wire between the 

bridges А and M be plucked at 

the middle, it will go on vibrating transversely and will emit a sound 
whose frequency depends on the length, the tension and the mass 
per unit length of the wire. Changing position of the movable bridge 
M, the length of the vibrating portion of the string may be altered. 


Theory : The fundamental frequency of transverse vibration of 
a stretched string is given by „ү ТЕ 


where /=1епрїһ of the string vibrating : T—tension of the string and 
m=mass/unit length of the wire. 


If m, be the mass used for stretching the string, then T—mg 


= уте # x 
"72 m an В 
If a tuning fork vibrates in unison with the above string, the fre- 
quency of the fork may be obtained from the aboye equation. 
Experimental procedure : (1) First, the mass per unit length 
of the sonometer wire is to be determined. For this purpose, take a 


а у MU M Cp M M 


* For Burdwan University only. 
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piece of sample wire and find its length (L) by a metre scale. Then 
find the mass (о) of the sample wire by a balance to the nearest milli- 


gram. From this, m=? gm/cm can be found out. 


(2) If the weight of the hook is not known (usually it is supplied), 
then it is to be detached from the wire and weighed in a balance (mgm). 
. Then it is to be attached to the wire again. 


(3) Put a suitable weight W kg (say 1 kg) on the hook. It will 
produce a total tension of (1000 W--ms)gra. This has been referred 
to as m, in the theory. Due to this tension, the wire will remain taut, 
Put the movable bridge M [Fig 54] as far away from the fixed bridge 
A as possible. Take a small paper rider in the form of V and place 
it at the middle of the portion AM of the wire. 


(4) Strike one of the prongs of the tuning fork with a padded 
hammer. Press the stem of the vibrating fork on the sonometer board 
in front of the paper-rider. The vibrations of the fork will be trans- 
mitted to the wire which will be set into transverse vibrations. Now 
Slowly move the bridge M towards the bridge A until, due to the vibra- 

‚ tions of the wire, the paper-rider is violently thrown out. Care should 
be taken that at each stage of adjustment, the Paper-rider is placed at 
the middle of the portion AM. Measure this length of the wire 
from A to M by a metre scale. 


[There is an easy way to find the resonant length of the wire approximately, 

Keep the movable bridge M at a distance from the fixed bridge А. Vibrate 
the tuning fork and press the lower Portion (i.e. the portion near the handle) of 
any of the vibrating prongs lightly against the wire near the fixed bridge А. Now 
move the fork slowly towards the bridge M. Ata point, loud sound will be heard 
which shows that the vibrating wire is in unison with the fork. Now Place the moy- 
able bridge M at the point where loud sound was heard. Find the resonant length 
of the wire accurately with the help of the paper-rider as described in section 4] 


(5) Repeat the above operation, at least, three times and find 
the mean length I. From this, get the value of m,/]2, 
» by taking 2 kg 

о 5. Each time, find 
the ЫА, of m;/I* and from all these observations, get the mean value 
of mI. З 


(7) Calculate the va 


lue of п with the hel жк 
in the theory, P of the formula given 
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Measurements : 
(d) Measurement of mass per unit length of the wire : 


—" n—— ~ | 
No. of Length of the Mass of the sample | m=o/L 
Obs | sample wire (L cm) wire (о gm) (gm/cm) 


(b) Measurement of resonant length of the sonometer wire : 
Weight of the hook=. . .gm (ma) 


Value of g=. . . cm/sec? 
of | Wt. placed Mean 
Мо. | on the тір 


Obs hook 
(Wkg) 


——|—— —— —| —_—_—_ —————— 


iE 


Frequency of the fork n=... Hz 


: АД $275 = 
Calculation: л М хт sies 7 
Remarks : (1) Inadjusting the resonant length AM, care should 
be taken so that the paper-rider is always situated at the middle of the 
vibrating portion of the wire. (2) Weight of the hook should ђе 
taken into account in finding the tension of the wire. (3) Resonant 
length of the wire may also be found out by noting the beats. 


Fes) 
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Oral questions 


1. What are the laws of transverse vibration of string? 

Ans, Consult any text book, 

2. Why is the wire stretched on a hollow wooden box? 

Ans. The box and the air within it are thrown into forced vibration by the 
tuning fork which intensifies the vibration of the wire. 

3. Why is the paper-rider thrown out violently? 

Ans. When the wire vibrates in unison with the tuning fork, the amplitude 
becomes very biz, due to which the paper-rider is thrown out. 

4. Will the resonant length of the wirc increase, if the tension is increased? 

Ans. Yes ; thelength is directly proportional to the square root of the tension. 

5. Ifa thick wire is taken instead of a thin one, will the frequency increase? 

Ans. Since the frequency is inversely proportional to the diameter, the fre- 
quency will decrease if a thick wire is taken. у 

6. Should the sonometer wire be thick or thin? 

Ans, It should preferably be thin. 

7. A fork is in unison with a wire. Will the unison be maintained if the 
length of the wire is doubled or halved, other factors remaining unchanged? 

Ans. Yes ; If n be the frequency of the fork, then for double length, the wire 
will have a frequency n/2 and for half length 21. 

8. Can you measure the density of the material of a wire by the above ex- 
periment? 

Ans, Yes ; (See expt. по: 6.2). 


#6.2. Determination of the density of the material of a wire by sono- 
meter method : 


Apparatus : А sonometer, a piece of wire (i.e. the sonometer 
wire), a tuning fork of known frequency, a metre scale, a padded 
hammer, some slotted weights, a screw-gauge, a common balance, a 
weight box etc. 


Description of the sonometer : Asin expt. по. 6.1. 


Theory: If the sonometer wire be the wire under test, then 


2l 


уг г кагу { 
ог т ртр where /=Jength of the wire vibrating, T=tension of the 


the frequency п of its transverse vibration is given by cel ү Т 
т 


Ъм——ШШ __________ 
*For Burdwan University only. 
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string and m—mass/unit length of the wire. If m, be the mass used 
for stretching the wire, then T=m,g 


hg : 
aps =° (i) 
‘Now, if p and d be the density and diameter of the wire, then 
ки Кер Е mg 
m=} xd*.p. Substituting in eqn. (i), we get 2 nd'p— 


g nm, 5 
or оф ma) 0) 
Finding the value of m,//? from the experiment and measuring the 
diameter d of the wire, the density 6 may be found out. 


Experimental procedure : (1) Find the diameter (d) of the 
sample wire at four different places by a screw gauge in the usual method 
and at each place measurements are taken at right angle directions. 
From these observations, get the mean value of the diameter which 
is then corrected for the instrumental error of the Screw-gauge, if any. 

(2) Following the operations no. 2; 3, 4 and 5 of the previous 
experiment find the value of m/I? i.e. the ratio of ће mass used for pro- 
ducing tension and square of the resonant length of the wire. 

(3) Repeat the observations using two different weights on the 
hook (say, by using 2kg and 3kg). Each time find the value of m,//* 
and from all these observations, get the mean value of mir. 


(4) Substituting the values of d and тј in the eqn. (ii) of the 
theory, calculate the density p. 


Measurements : (а) Measurement of the diameter of the wire 
by a screw-gauge. 

The value of the smallest division of the linear scale of the screw- 
gauge—...mm; Screw-pitch—... mm. No of divisions on th? 
circular scale—. . . 

least count—. .. mm. 

[Here give the table for screw-gange measurement] 
Diameter (d)—... cm. 

(Б) Frequency of the fork (n)-—. . . Hz (supplied) 
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(c) Measurement of resonant length : 
Wt. of the hook=. . . (mgm) 


No. | Wt. placec| Total tension= Length of the | Mean Mean 


of onthe | ии=(1000 та) | resonant wire length m, mf 
Obs | hook gm (cm) dem) | FE 
(Y Kg) 
1. 1Kg 


XO MP 
у epp 
3 


-. Density of the material of the wire p=. . . gm/c.c. 


Calculations : p= _ (2)- 
Remarks : (1) In the expression for р, the- powers of d and Z 
are 2. Hence they should be determined very accurately. 


«s. vel "gm/o.c. 


Oral questions 
1. How does density of the material of a wire affect its frequency? 


Ans. n сс Vs other factors remaining constant. Hence, greater the density, 


less is the frequency and vice versa. 


2. Why is a fork set into vibration by a padded hammer? 
Ans. It helps the fork to emit its fundamental. Also 


the hammer bei 
padded, there is no chance of the Prong of the fork getting ed. mE 
[For other questions, see the experiment No. 6.1]. 
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6.3. To draw (п—1) curve with the help of a sonometer and hence to 
find the frequency of an unknown fork. 


Apparatus : A sonometer, some slotted weights, a set of tuning 
forks, at least, six (having frequencies, say 256, 320, 341, 384, 426, 
512), a fork of unknown frequency, a metre scale, a padded hammer 
etc. 


Description of the sonometer : See experiment no. 6.1 


Theory : In the case of transverse vibrations of a stretched string, 
the frequency (7) is inversely proportional to its length (1) when tension 
(T) and mass per unit length of the wire (m) remain unchanged. i.e. 


1 
nor, when T and m are constants. Hence ni—constant. If a graph 


is drawn between n and 1, the curve will be a rectangular hyperbola 
or if a curve is drawn between n end 1//, the curve will be a straight 
line, It is called (п) curve. Finding the resonant length of wire 
corresponding to an unknown fork, the frequency of the unknown 
fork may be found out from the curve. 


Experimental procedure : (1) Take a few forks of known fre- 
quencies (say six) and one of unknown frequency. Shift the movable 
bridge M as far away from the bridge А as possible (about 100 cm). 
Take a piece of thin paper and fold it in the form of thc inverted A 
and place it at the centre of the portion AM. 

(2) Put suitable weight (say 2 kg) on the hook. First, take the 
fork whose frequency is the lowest among the set of forks given and 
vibrate it by striking against the padded hammer. The fork will conti- 
nue to vibrate. Press the handle of the vibrating fork on the sono- 
meter board in front ofthe paper-rider. The vibration of the fork will 
be transmitted to the sonometer wire which will be thrown into trans- 
verse vibrations. Now slowly move the bridge M towards the bridge 
A until, due to the vibrations of the wire, the paper-rider is violently 
thrown off. Care should be taken that at each stage of adjustment, the 
paper rider is placed at the middle of the portion AM. Measure this 
length of the wire from А to M by a metre scale. 

[For an alternative easy method for finding the resonant length, see expt no. 6.1] 


(3) Repeat the above operation, at least, three times and find 
the mean length /. 


(4) Keeping the load in the hook unchanged, take the known 
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forks one by one and following the operation no 2, find the resonant 
length of the wire for each fork. Last of all, take the fork of unknown 
frequency and find its resonant length in the same way as before. 

(5) Now plotting the resonant lengths (J) along Y-axis and the 
known frequencies (п) along X-axis, a smooth curve is to be drawn. 
The curve will be a rectangular hyperbola as shown in fig. 55. From 
the graph, the frequency of the unknown fork corresponding to its 
resonant length is found out. 


Measurements : (a) Measurement of resonant lengths. 
Constant load put on the hook of the sonometer—.. kg 


Known frequencies | Resonant length | Mean length 
of the forks (n) 
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(b) Table for drawing graph: (Data for illustration) 


Frequency (л) > E 
—— 256 320 341 384 426 512 Unknown 


Resonant 
length 
(1 cm)—- 344 251 241 


20:4 18:8 1557 23:5 


Notes on drawing graph : The maximum difference of frequencies 
is 512—256—256. Taking 250 as the origin, if we take 1 small divi- 


35 
Qn 


30 
n-I Curve 


Resonant length 1 => (1ст=2 small div.) 


Г 


10,250 300 350 400 450 500 550 
——n (I small ду, =5 Hz) 


Fig. 55 


sion along the X-axis equal to 5Hz, then 60 divisions will cover up 
all the frequencies. Hence, along the X-axis, the scale may be chosen 
as 5Н2=1 small division [Fig. 55]. 


The maximum difference of resonant lengths is 34-4—15°7= 
18:7 ст. Taking 10 cm. as the origin, if we take 1 cm equal to 2 
small divisions, then 50 divisions will cover up all the resonant lengths. 
Hence, along the Y-axis, the scale may be chosen as 2 small divisions 
=1 ст. 
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Now plotting the points we get the rectangular hyperbola PQ. 
Now, for the unknown frequency, the resonant length obtained is 
235 ст. If a line parallel to X-axis be drawn through the point 
representing 23:5 ст on the Y-axis it will cut the curve at some point 
say A. A perpendicular drawn on the X-axis through the point A 
gives the value of the unknown frequency. From the fig. 55, the 
unknown frequency is 350. 


Alternative method of drawing graph: 


We have seen that n|—K where К is constant or n—K. P 
So if n and 1 are plotted, the curve will be a straight line. The 


values of г are calculated from the table (5) and are tabulated as 
follows : 


Frequency (л) 


4 (1 small div.=1em-1) 


29250 — 39 350 400 450 500 525 
——> Frequency (n) (15таћ div.=5 Hz) 


Fig. 55(a) 
The maximum difference of frequencies being 256, the scale along X- 
axis is chosen as before, viz SHz=1 small division [Fig.. 55(а)]. 
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The values of 1/! are 29: 10-3 to 64x 1073. If we take 40 divi- 
sions along Y-axis, then 1 division may be taken to beequalto 1 cm! 
Hence, convenient scale along Y axis is 1 small division—1 cm". 
Plotting in this way, we get the straight line as shown in Fig. 55(a). 
The value of 1// for unknown frequency being 0:0415—41:5 x 10-3. 
a line is drawn through the point 41-5 on the Y-axis parallel to X-axis, 
cutting the straight line at Р. A perpendicular drawn from P on the 
axis shows that the unknown frequency is 355. 

Remarks : (1) Instead of n—/ curve, it is better to draw n —1// 
curve because it gives a straight line. (2) The unknown frequency can 
also be found out without drawing a graph. For this, the product 
of пх 115 to be found ош for each fork. The product will be found 
to be constant. Say, the constant is К. Then п’, the unknown fre- 


quency is given by n= where /' js the resonant length for the 


unknown fork. The table may be drawn in the following way : 


Frequency 


(—> 384 | 4% 


— 
! 
| 512 | Unknown 


| 


Resonant 
length 
@— 


Product 
k=nxl—> 


Mean valve of K=.. 


/. Unknown frequency nem, : 


Oral questions 


1. What are the laws of transverse vibrations of string? 
Ans, Seeany text book. 


2. Which one is better — to draw (и—1) curve ог to draw (h—1/D curve. 

Ans. It is better to draw (n—1/l) curve because it is а straight line. (n—D 
curve is a rectangular hyperbola. 3 

3. Can you find out the frequency of the unkown fork by the above experi- 
ment without drawing a graph? > 

Aus, Yes ; Seeremark по. 2. - 

[For other questions, see experiment no. 6.1]. 


SOUND 317 


6.4. Determination of the frequency of a tuning fork by Melde’s 
experiment : з Р 

Apparatus ; Мејдс5 apparatus, а cominon balance with Weight 
box, a metre scale, a padded hammer, two pins whose heights can be 
adjusted, etc. 

Description of Melde’s apparatus: Fig. 56 is a form of Melde’s 
apparatus, It consists of a tuning fork A, rigidly fixed to a wooden 
board C by screws. Оле end of a light silk thread АВ is connected 
to one of the prongs of the fork. The other end of the thread passes 
over a smooth pulley В and keeps a scale-pan S hanging. Standard 


Fig. 56 


weights, placed on the scale-pan, keep the thread under tension. The 
height of the pulley may be so adjusted along the stand that the thread 
AB is just horizontal. In the zransverse mode, (Fig. 56), the direction 
of vibration of the fork is perpendicular to the length of the thread. 
When, the fork vibrates, transverse waves are produced in the thread. 


Theory : . When the tuning fork vibrates, а transverse wave 
passes along the thread, with a velocity vy T where T=tension 
т 


of the thread and m=mass per unit length of the thread. 


If L, be the total length of the thread (i.e. from the point where it 
is connected to the fork to the centre of the pulley) and p be the 
number of segments in which the thread vibrates under the given 


tension, then мо (say). Then 4=2/. 


Tn transverse mode, i.e. when the fork vibrates perpendicular to 
the length of the thread, the frequency of the fork becomes equal to 
the frequency of vibration of the thread. 


м4 T where № =frequency of the fork. 
m 
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A'm 2l'm 
If M be the total mass of the scale pan and the standard weights placed 


Or, 


оп the scale pan, then T—Mg. Hence нету М8. 
т 


Experimental procedure : (1) Take a piece of light silk thread of 
length about 1 metre and find its weight (Wgm) accurately in a balance 
with the help of a rider. Measure its length L by a metre scale. From 


this, find the mass per unit length of the thread (m = m Э) 


(2) If the weight of the scale pan is not known (usually it is 
supplied), find its weight in a balance (W, gm). 

(3) Put 10 to 15 gms of weight on the scale pan. Vibrate the 
prongs of the fork by striking any one of the prongs lightly with a 
padded hammer. [The fork may be vibrated by pressing the prongs 
with two fingers and then suddenly releasing them]. qndistinct nodes 
and antinodes will be found to have been produced in the thread. 
Slightly altering the weights on the scale-pan, make the nodes and anti- 
nodes distinct and clear. Under this circumstances, the fork will 
vibrate in unison with the thread. The vibrations of the thread will 
divide it into several Sharp segments. 

(4) Place two pointed pins Р, and P, just below the two extreme 
nodes as shown in fig. 56. [Two nodes will be formed at the two ends 
of the thread. But do not place the pins there]. Countthe number (n) 
of loops between the pins and measure the distance (x) between them. 


Then 1-2, 
n 
(5) Repeat the operation thrice and find the mean value of А. 
је те 
Непсе xo 


(6) Changing the weights in the scale Pan, repeat the operations 
(3), (4) and (5) twice. Find the value of ЈУ for each observation using 
the formula mentioned in the theory and get the mean value of N. 


| 
| 
| 
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Measurements : (а) Measurement of mass per unit length (m) 
of the thread. 


Length of the 
thread 
(L cm) 


(b) Measurement of 1: 
Mass of the scale pan—.. gm (У). 


No. of | Weights placed | Distance between /No. of loops 
Obs | on the scale pan P, and P, distance | between the pins 157 
(91) (п) "a 


Total weight | Mass/unit length 1 
(M=W,+-W,) | of the thread (т) | [From table (Б)] 
[From table (а)] 


Mean value of N=.. Hz 


320 DEGREE PRACTICAL PHYSICS 


5 1,/Mg 
i Ва fi = —s=.. Hz 
Calculations: 1. М 5 М = 


DONE 
35 ENS. 

Remarks: (1) The portion of the thread which hangs from 
the pulley should be small in length. If it is long, its weight should 
be added to the total weight M. (2) The frequency of the fork can 
also be found out by vibrating the thread longitudinally. In that 
case, the frequency of vibration of the thread will be half the frequency 
of the fork. (3) At the beginning of the experiment, M should pre- 
ferably be low, because lower value of M gives greater number of loops. 
As the value of M increases, the number of loops decreases. (4) 


The thread should have uniform mass per unit length. (5) The nodes 
Should be made as distinct as possible. 


Oral questions 


1. Why are loops formed ја Melde's apparatus? 


Ans. When waves proceed along the thread towards any fixed end, they are 
reflected at the fixed end. Та the mean time, another wave proceeds towards that 


end. These two waves get Superposed and form stationery waves. For this reason, 
the thread vibrates in several loops. 


2. Can the frequency of the fork be found out by producing longitudinal 
waves in Melde's experiment? 
Ans. Sceremark no. 2. 


3. Will the number of loops increase or decrease if the tension of the thread 
is increased? 


Ans. On increasing the tension, the number of loops decreases. 


4. In counting the number of loops, Why do you not take measurement 
between the nodes at the two extreme ends of the thread? 


Ans. The nodes at the extreme ends of the thread are not very distinct. If 
measurement is taken between them, error might come in. 

5. Should the portion of the thread hanging from the hook be sufficiently 
long? 

Ans. Seeremark no. 1. 

6. What is the unit now attributed to frequency ? 

Aus Presetit unit is Hz (Hertz) ; previously it was c.p.s. (cycles per sec). 


———— 


7. ELECTRONICS 


7.1. Diode valve : 


It consists of a filament F and a plate P enclosed in a glass bulb 
which is highly evacuated [Fig 57]. When the filament is heated to 
incaudescence by means of a battery B,, 


it emiis electrons by thermionic process. / А 
Now, if the plate P is given a positive А 
potential with respect to the filament F by 


another battery Ba, the electrons are at- 
tracted towards the plate and a current 
passes from the filament to the plate as 
indicated by a milliammeter А included 
in the plate circuit. But if the terminals 
of the battery В, be reversed, giving the + | == 
plate Р, а negative potential with respect B4 
to the filament, no current flows. 
So, the current flowing between the filament and t 
unidirectional. For this reason, if is calle. 

Ordinarily, the voltage of the battery 
the other hand, the voltage of the battery B, 
the former is called a /ow tension (L.T.) bat 
tension (H.T.) battery. 

Fig. 58 shows the appearance of a diode valve. 
plate P of the diode is called anode or simply plate an 


Fig. 57 
he plate is always 
d a valve. 
B, is not very high. On 
is high. For this reason, 
tery and the latter а high 


Generally, the 
d the electron- 
emitting filament is called 
Glass bulb Cathode. The cathode of a 
diode valve may be directly 
heated or indirectly heated. 
In a directly heated type of 
diode,the filament is directly 
connected to the battery. Tt is 
made of a ribbon of very fine 
wire and Ваз а resistance such 
that when Proper voltage is 
applied to it, the filament Soon 
acquires the requisite temper- 
р Fig. 58 ature for emitting copious 
electrons. An indirectly heated type of diode has the advantage 
that it can be used with a d.c. or a.c. supply. 
D.P.P.—21 


Anode 
(P) 
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7.2. Space charge: _ 

The number of electrons emitted by a heated filament depends 
on the effective temperature of the filament. The positive potential 
of the plate has no effect on the number of electrons emitted ; it simply 
exerts an attractive force on the emitted electrons. So, the number of 
electrons reaching the plate and hence the plate current depends on 
the plate potential. Now, when the potential difference between the 
plate and the filament is low, all the electrons emitted by the filament 
cannot reach the plate. Some of thc electrons accumulate near the 
filament. This accumulation of free electrons in the space between 
the plate and the filament is called the space charge. 

The repulsive force that the accumulated electrons exert hampers 
the emission of electrons from the cathoce ; even some of the emitted. 
electrons are repelled back to the filament. As the potential differ- 
ence between the plate and the filament is increased, more and more 
electrons can reach the plate and hence plate current is also gradually 
increased. If the potential difference be increased step by step in this 
way, a value will be soon reached when all the electrons emitted by 
the filament, subjected to a great attractive force, reach the plate. 
Then the plate current becomes the highest and it is called the satu- 


ration current. 


7.3. Triode valve : 

In 1907, the American experimenter Lec De Forest made an 
important addition to the diode by inserting a third electrode between 
the plate and the filament. This 
additional electrode is known as 
grid (G). Introduction of grid has 
vastly extended the usefulness and 
the applicability of the valve. It is 
called a triode because of the fact 
that it contains three electrodes 
[Fig. 59]. 

The triode valve consists of & 
highly evacuated glass bulb con- 
taining (i) a filament Fusually made 

Fig. 59 of platinum, tungsten or tanta- 
jum and is coated with a substance like barium oxide to give a good 
emission of electrons at low temperature (ii) а grid G which may be à 
flat wire gauge placed above the filament or a spiral of wire mounted 
with the filament as axis, The grid is generally placed closer to the 
filament than to the plate and (iii) a plate P which is in the form ofa 


GRID(G) 


PLATE 
(Р) G 


FILAMENT 
(F) 


(0) 


—— À— — 
E 
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Hat plate if the grid is flat or in the form of a cylinder surrounding the 
grid if the latter is spiral. A triode is diagrammatically represented 
as shown in fig. 59(5). 


The filament is provided with two external leads for connecting 
it to a low tension battery which supplies the heating current. The 
grid and the plate are each provided with a single external lead so 
that they may be given any desired potential—positive or negative— 
with respect to the filament by the use of batteries. The three clec- 
trodes of a triode are well insulted from one another. 


7.4. Function of a grid : 


Question may be raised as to what is the advantage of using the 
additional electrode grid ? The greatest advantage of grid is that it 
is a very efficient controller of space charge. 


Ordinarily, when the plate is given а positive potential with res- 
pect to the filament, a plate current flows but it is feeble due to space 
charge effect. As the positive potential of the plate is slowly increased, 
the plate current also increases slowly and finally the current becomes 
saturated. If the grid which is nearer to the filament, be now given 
а negative potential with respect to the filament, it will repel the elec- 
trons emitted by the filament. The plate current consequently di- 
minishes. If the grid, on the other hand, be given a positive potential, 
then it will help the electrons to reach the plate by exerting an additional 
attraction. Consequently space charge effect will decrease and the 
plate current will increase. In this way, we can conveniently increase 
or decrease the plate current by changing the grid potential. Further, 
it has been seen that large plate current is obtained by slightly altering 
the grid potential about a given value. To bring about such a change 
of plate current by simply altering the plate potential, the plate needs 
about 10 times potential than before. 


7.5. To draw the static characteristic (Ie — V») of a diode 


Apparatus: А diode valve (EZ 80 of B.E.L., for example) with 
socket and binding screw; a milliammeter (0-30 т.а. range) ; an 
ammeter (0-1 amp range with 0:1 amp divisions), two plug keys ; 
battery for sending current to the filament (as per instruction of the 
manufacturer ; 6:3 volt for EZ 80 for example), a high tension battery 


(0-100 volt), a voltmeter (0-100 volt), a wandering plug, two rheostats 
of suitable specification, connecting wires etc. 
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Circuit connections : The whole circuit arrangement can be 
divided into two parts: (i) Filament circuit and (ii) Plate circuit 
[Frg. 60]. 

(i) Filament circuit : Having fixed the valve socket on a wooden 
board, the valve is put in the socket and the terminals leading to the 
filament F are then joined 
to the binding screws M 
and М. To set up the 
filament circuit, an ammeter 
Am (of 0-1 amp range), а 
low tension battery (Bz), а 
suitable rheostat (R) and 
a plug key are all connected 
in series between the screws 
М and №. Closing the plug 
key and controlling the 

Fig. 60 rheostat, if specified current 
[upto 0:6 amp in the case of EZ80] be sent through the filament, 
profuse electrons will emitted by the filament. 

(пу Plate circuit : There is a binding screw on the wooden 
board, which is connected by a wire to the plate terminal of the valve 
socket. A wandering plug W is connected to this binding screw 
through a milliammeter mA (0-30 т.а. range). A potentiometer 
circuit is formed by joining a high tension battery B, (0-100V range), 
a suitable resistance К, and plug key К, in series. The negative end 
of the above potentiometric arrangement is joined to the negative end 
of the filament while the wandering plug W can move along the various 
points of the resistance R, between С and D. As a result, the plate 
is given a positive potential with respect to the filament which can 
conveniently be changed by 
changing the position of the 
wandering plug ЈУ. When the 
wandering plug W is in contact 
with the point D, the potential 
of the plate is zero. As the 

plug W moves towards C, 
the potential of the plate 
increases and finally becomes 
maximum when the plg W dB 

arrives at C. The voltmeter 18. 

V (0-100V range) connected between the plate and the filament 
measures this potential. 
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[Now-a-days, a built-in circuit is generally supplied to the students. 
Here, all internal connections are previously made and the meters 
are put ир іп a board as shown in fig: 61. The filament heating cur- 
rent is derived from the mains. If the plug of the set is inserted into 
the mains’ socket (D.O.), the valve will glow. The current is indicated 
the ammeter Am. The knob К, controls the heating current. The 
power-pack which is also, a built-in unit, supplies the plate potential. 
When its plug is inserted into the D.C. mains socket and the knob 
K, turned, the plate potential changes. The plate potential is recorded 
by the voltmeter V and the plate current by the milli-ammeter mA. 
The experimental procedure has, however, been described according 
to the circuit connections shown in Fig. 60.] 

Theory: Keeping the effective temperature of the filament 
constant, if the plate-voltage (Ve) be changed then a graph showing 
the change of plate current with the change of plate-voltage is called 
the characteristic curve of a diode. A set of such curves may be drawn 
by keeping the filament at different effective temperatures. (Care 
should be taken so that the temperature does not exceed the maximum 
current specified by the manufacturer). From these curves, we get 
valuable information regard- Y 
ing the behaviour of the 10 
valve. . 
Generally, the сћагас-. 
teristics of a diode are not 
straight lines. So, the ratio 
of plate-voltage to plate- 
current is not constant all 
along the curve. For this 
reason, if the ratio ‘of plate- 
voltage to plate-current be 
determined over the straight 2 
portion of the curve, the (00 20 40 60 80 9) x 
ratio is called the plate — —* Vp (in volts) 
resistance or the internal Fig. 62 
resistance ofthe diode. From 


T> >T? 


—— Ip (in mA) 
о овса оч о o 


О a 


Ve. AB 
Z= 222x1000 ohms 


fig. 62, it is seen that the plate resistance Ra — —— = 
5 ВС 


DER BC 
[BC milli- icu , 
L i-amp i000 amp] 


Experimental procedure : (1) Make the circuit i 
І : (1). connecti 
shown in fig. 60. (In case a built-in circuit is used, put the nin ar 
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the diode set and the power pack in the mains’ (d.c.) socket and con- 
nect the power-pack with the valve set). Carefully connect the pesi- 
tive end negative terminals of the meters and other accessories as 
shown in the figure. Closing the plug key Ke, adjust the rheostat 
R, so that a small current (say, 0.2 amp i.e. much less than the speci- 
fied maximum current) passes through the filament. The ammeter 
Am included in the filament circuit records this current. Note the 
current (й). 


(2) Now, keeping the wandering plug W very near the point 
D, close the plug key Ку. This puts a small voltage (say, 19 volt) to 
the plate. Note the voltage (Vp) as recorded by the voltmeter K. 
The milliameter mA in the plate circuit records the plate current їп 
milli-amperes. Note the current (Jp). 


(3) Next, shift the wandering plug W slowly towards the point 
C so that the p.d. between the plate and the filament may increase by 
steps of 10 volts, At each step, read the plate-voltage from the volt- 
meter and plate-current from the milli-ammeter and tabulate them 
in your table. The process is to be continued till saturation current 
is reached. ‘Thereafter, plate current will not increase even if the 
plate-voltage is increased. Take out the plug from the key Ку. 


(4) Now reduce the value of rheostat R, in the filament circuit 
а littie, so that the filament current increases (say 0:3 amp). Note 
this current (ij) from the ammeter Am. Closing the plug key Ki, 
increzse the plate-potential, as before, by steps of 10 volts till the 
plate-current becomes constant and saturated, At each step, record 
the plate-voltage (Vp) from the voltmeter V and plate-current (1) 
from the milli-ammeter. Again take out the plug from the key К». 


(5) Repeat the whole observation with a different filament cur- 
rent (say 0'4 amp). 


(6) Now, Ve—lecurve is to be drawn. For this purpose, plate- 
voltages (Vr), in volts, should be plotted along the X-axis and the 
plate-currents (I), in milli-amperes, along the Y-axis. Zero-values 
(0, 0) of both plate-voltage and plate-current should coincide with 
the origin of the co-ordinate axes. If the points are properly plotted 
and a smooth curve drawn through the points, the curves will be like 
those shown in fig. 62. In the figure &, Г», and i, denote three different 
filament heating currents and 7,°, T,” and T; the corresponding 
filament temperatures. From the curves it is clear that (i) the satu- 
ration current increases with the increase of filament temperature 
and (ii) the portion AC of the curve is fairly straight and linear. 
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(7) Taking two points А апа С on ithe linear portion of the 
characteristic, draw lines AB and CB parallel to X-axis and Y-axis 


respectively. 


Find from the graph tae change of plate-voltage (3V») 


denoted by АВ and the change of plate-curvent (5/2) denoted by СВ. 


Then, 


=? 48 „1000 ohms. 
8 CB 


Measurements : 


Valve no.=EZ 80 or UY 85 etc. - 


[Data given are for illustration] 


No. of | Filament current Platc-voltage Plate current 
Obs (amp) (Ир) in уон» | Gp) ia milli-amp 
1 | ћ=0:2 amp 10 
2. 20 
3: 30 
4. 40 
5. ^r 
etc etc „4 
| (saturated) 
1. 1,—0:3 amp 10 
2. 20 
3, 30 
4. 40 
5. 25 
etc etc em 
(saturated) 
НЕ 1=0:4 amp 10 
2; 20 
3; | 30 
4. 40 
5: te 
etc etc p 
(saturated) 


[Note : In some instruments, there may not be any arrangement for changing 


the filament heating current and hence no ammeter 


It has a fixed filament current. 


In such cases, only one set of readings will be obtained and one curve may be drawn 
In drawing table in such cases, ‘Filament current’ column is not necessary. ] - 
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Calculations : From the graph AB=.. моћ 

BC=...m.a.=...amp 

di . (volt) = 
.. (amp) 


Remarks : (1) Strict attention should be paid regarding proper 
connection of positive and negative ends of different accessories. (2) 
Highest current passed through the filament should always be less 
than the maximum permissible current ; otherwise the filament may 
burn out. (3) As the curve is not linear everywhere, in determining 
the plate resistance, only the linear part should be used. (4)Inthe case 
of indirectly heated diode, do not close the keys K, and K simul- 
taneously. First close the key К, and wait for some time. The 
emission of electrons from indirectly heated filament requires а few 
minutes time. After that, close the key K,. Similarly, when the 
observation is over, do not take out the plugs from the keys Ку and К» 
simultaneously. First cut off the H.T. by taking out the plug from 
the key K, and then cut off the L.T. 


ГИ: .. ohms. 


Oral questions 


1. What is a diode? What is its utility? 
_ Ans. A thermionic valve which contains a plate and a filament is called a diode. 
It is usually used to rectify an alternating potential. 


2. What is plate resistance in a diode? Is it same everywhere along the 
characteristic curve? 
^ Ans. Р The ratio of the plate-potential to the plate current is called the plate 
resistance in a diode. It is not same everywhere along the characteristic because 
the characteristic is not linear everywhere, 
3. Will the plate-current be zero if the plate-potential be made zero? 


Ans. No ; some plate current is obtained even if the plate-potential be zero. 
The reason is that when electrons are emitted from the filament, they are emitted 
with different velocities. Some of the electrons, due to their initial velocity, may 
reach the plate in absence of any attraction by the plate. As а result, some plate- 
current is produced. | 


4. What is the direction of .current in the valve? In which direction flow 
of electrons takes place? f 


Ans. Electrons. flow from filament to anode. Conventional direction of 
current is taken from.plate (anode) to filament. 


5. Does the plate-current obey Ohm’s law? 


Ans. Мо ; it does not obey Ohm’s Jaw. In the space-charge limited region, 
current is proportional to V? where Vis the p.d. between the plate and the filament. 
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6. ` Which part of the characteristic curve denotes space-charge limited current ? 

Ans. The portion OAC denotes space-charge limited current. 

7. What is the air-pressure inside the vaive? Why is it so? 

Ans. The pressure is very low—to the order of 107 mm. of mercury. и 
the pressure is high, the air-molecules will be ionised and positive ions will impinge 
upon the filament with great speed. The filament, in that case, may be damaged. 

8. What are the factors on which plate currént depends? 

Ans. Plate current depends on (i) the temperature of the filament and (i) the 
p.d. between the plate and the filament. 


7.6. То draw the static characteristics of a triode and hence to deter- 
mine the valve constants : 

Apparatus: A triode valve (6/5 ог ЕСС 82); a milli-ammeter 
(0-30 m.a. range), а low resistance (about 10 ohm) rheostat, an ani- 
meter (0-5 amp. range), two plug keys, suitable battery to send current 
to the filament (6 volt or 4 volt according to the valve manuel) a high 
tension battery (0—200 volt range), a grid-bias battery (0—10 volt. : 
range ; 6 torch cells, each of 1:5 volts put in series will serve the pur- 
pose), voltmeters, wandering plug, connecting wires сіс. 

Circuit connections : The whole circuit arrangement can be 
divided into three parts : (i) Filament circuit; (ii) Grid circuit and 
(iii) Plate circuit. [Fig 63]. 

(i) Filament circuit : A rheostat Ку, an ammeter (0—5 amp 
range) Am, a plug key К, and a low voltage (6 or 4 volts) battery (L.T.) 


Fig. 63 


are connected in series with the filament F. Current according to the 
specification is sent througb the filament by suitable adjustment of 
the rheostat. The ammeter Am records this current. When specified 
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current flows through the filament, profuse supply of electrons arc 
available from the filament. 

(ii) Grid circuit : A battery of intermediate range (0—10 volts) 
is inserted between ihe grid С and the filament. Itis called grid-bias 
battery. With the help of grid-bias battery, the p.d. between the grid 
and the filament may be changed within а range of4-10 to —10 volis 
by steps of 1-5 volts. То give grid a negative potential, the wandering 
plug W connected to the negative of the filament is joined to the 
positive (2-) terminal of the grid-bias battery and the wandering plug 
W, connected to the grid is joined to the negative terminal of any of 
the cells of the grid-bias battery. If the positions cf the wandering 
plugs W and W, are reversed, tke ва will get a positive poteutial 
with respect to the filament. Whatever may be tiie grid potential— 
positive or negative—it is measured by a voltmeter (0—10 velts) У; 
connected between the атап! and the grid. If tke grid has negative 
potential, the voltmeter У; is to be connected as shown in the fig 63. 
If, however, the grid has positive potential, tho voltmeter connections 
are to be reversed. (No such alteration is necessary if the voltmeter 15 
a Zero-centered instrument). ч 

(iii) Plate circuit: А high voltage battery (0—200 И range) 
(H.7.), а miili-ammeter mA, а plug key K, are connected in series 
between the plate P and the filament. The wire connected to the plate 
P through the milliammeter ends in a wandering plug W, which can 
be brought in сспігсі with the positive terminal of any of the cells of 
H.T. battery. The wire connected to the filament through the plug 
key К, is joined to the negative of Н.Т. battery. By tais arrangement, 
plate could be given a positive potentia] from 0 to 200 volts with 
respect to the filament by small steps of say, 10 volts. А voltmeter И, 


To niin Tomos << connected in parallel 
(e) е Je 15v between the plate and 
| the filament records 
| V, AM y oj 3V Й 3 Е 
xd uae 2 th's potential diffe- 
ED © A ој45/ — rence. 
— 


0-200 0-30 0-10 ol 6v [N.B. Ordinarily 


(v (1р) (Va) zd B builtin circuit is 
о А 
% supplied to the 
o|9v students. Неге all 
ER PACK TRIODE SET А : 
row kb internal connections 
Fig. 64 are previously made 


and the meters are 
put up in a board as shown in Fig 64. The filament heating current 
is derived from the mains. If the plug of the set is inserted into the 
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mains socket (D.C.), the valve will glow. The grid-bias battery (G.B.) 
is usually prepared by joining six torch cells, each of e.m.f. 1°5 volts. 
The grid voltage (V;) is recorded by the voltmeter- Va. With the knob 
Ks, a slow change of grid voltage can be achieved. The power pack 
is also a builtin unit. When the plug of the power pack is 
pushed into D.C. mains socket, the plate gets the positive potential 
which is recorded by the voltmeter И. The knob Ку controls the 
late-potential. The olatz-current (Jp) is denoted by the milli-ammeter 
тА. The experimental procedure has, however been described 
according to the circuit connections as shown in fig 63.] 


Theory : (A) Giving the plate a fixed positive potential with 
respect to the filament, if grid potential be changed (both positive and 
певайуе) by suitable steps, the plate-current also changes. If the grid 
voteniials (V,) and the corresponding plate-currents (J,) be plotted 
in a graph paper, the curve obtained is called the mutual characteristic 
curve of the triode. A family of such characteristic curves may be 
drawn (V, = 1 curves) by keeping the plate at different fixed positive 
potentials. Such curves are, however, known as static characteristic 
curves when there is no resistance (i.e. load) in the plate circuit. Valu- 
able information regarding the usefulness and applicability of the 
valve are obtained from tie characteristic curves (Fig 65). 


Constants of a valve : "А triode has three constants which express 
the effect of grid-voltage (V;) and plate-voltage (Ув) on plate-current 
(Ip). The three constants are (i) mutual conductance (gm) (ii) A.C. 
resistance от plate resistance (Ез) and (iii) amplification factor (р). 


(i) Mutual conductance : Keeping plate-potential (Vj) at a fixed 
value, if grid-potential (Vz) be changed, plate-current (1) also changes. 
The ratio of the change of plate-current to the corresponding change 
of grid-potential is called the mutual conductance. 


So, (25) И, = const. 
g 


From fig 65, it is scen that if plate-potential be kept constant at 
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Уз, a change of CB in the grid-potential causes a change of AB in the 
AB 


plate-current. Hence, £n —pe 


ТЕ the plate-current is expressed in milli-ampere and grid-potential in 
volts, the unit of g,, will be ma/volt. If the plate-current is expressed 
in ampere, the unit of gm is ‘mho’. 

(ii) A.C. resistance or plate resistance : Keeping grid-potential 
(V,) at a fixed value, if plate-potential (Vj) be changed, then plate- 
current (J) also changes. The ratio of the change of plate-potential 


to the corresponding change of plate-current is called the a.c. resistance 


" 
or plate resistance. So, Кр= ps V, —const. 
51, 


PLATE CURRENT (Milliamp) IP 


F3 46 
— — —- GRID VOLTAGE(VQ) 


Fig. 65 


V, A V, 


From fig 65, it is clear that R,= 


- If the plate-current is 


expressed in ampere, the unit of R, is ohm. 


(iii) Amplification factor : The ratio of the change in the plate- 
potential (8) required to produce a small change in plate-current to 


> 
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the change in grid-potential (3V;) required to produce the same charge 
in plate-current is called the amplification factor. 


ву; 
So p=(—) J,=const. 
i б ie) 4 

From fig 65, it is seen that for a plate-current increase from the 
point A to the point B, the plate-potential needs an increment from 
Va to И, when grid-potential is kept constant and the grid-potential 
needs an increment CB when  plate-potential is kept constant. 
V3—Vs 


Два = 


[Note : The values of я», Rp and р are constants only in the 
linear portion of the curve. Hence, the points 4, B and C should be 
taken on the linear portion]. 


From the above relations, it follows that gm - ог H=8m X Rp 


(В) Anode characteristics (У, —1, curve): Keeping the grid- 
voltage (Vg) fixed, if the plate-potential be changed, the plate-current 
also changes. If different plate-potentials and the corresponding 
plate currents be plotted in a graph paper, the curve obtained is called 
the anode or plate characteristic curve of the triode. Keeping the 
grid-voltage at different fixed values, a family of (V; —) curves may 
be drawn. [Fig 66]. The valve constants may also be found out from 
anode characteristics. Further, when- there is no load in the plate- 
circuit, the characteristic curves are known as static characteristic 
curves. 

Experimental procedure : (а) Drawing of (V; — 15) curves : 

(1) Make circuit connections as shown in fig 63. Closing the 
plug key Ki, adjust the rheostat R, so that the specified current (as 
given by the valve manufacturer) may pass through the filament. Note 
this current from the ammeter (Am) provided in the filament circuit, 
-[In the built-in circuit, this operation is not necessary.] 


(2) Place the wandering plug W; at such a place that the plate gets 
a potential of +100 volte. Now keepthe wandering plug W, floating 
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and the other wandering plug W to the extreme positive end 
of the grid-bias battery. Note that the voltage (negative) put io the 
grid is now Zcro. і 

(3) Now put the plug in the key Ко. Note the plate-voltage 
(уе) from the voltmeter V, and plate-current (/) from the milli- 
ammeter (mA). Take out the plug from the key Ko. 


(4) Put the wandering plug W, now in the first hole nearest to 
the positive terminal of the grid-bias battery [fig. 64]. This gives grid 
—1:5 volt potential diference. Note the voltage as recorded by the 
voltmeter V;. [If the torch cell is old, its voltage may fall. For this reason, 
the grid-voltage as recorded by the voltmeter Vz is to be noted]. Close 
the key К» and note the plaic-voltage (which remains constant) from 
the voltmeter У, and plate-current (J,) from the milli-ammeter (mA). 
Plate-current will slightly diminish. 


(5) Gradually increase the valuc of ihe negative grid-potential 
by moving the wandering plug W; to the extreme negative end of the 
grid-bias till the plate-current becomes zero. At each step, note the 
grid-voltage, plate-voltage and the plate-current from the respective 
metres. Care should be taken so that at each step, the plug from the 
key К, is taken out before the grid-potential is altered. Plate-voltage 
should remain consiant at 100 volt during the operation. 


(6) Now positive potential is to be applied to the grid. For this 
purpose, put the wandering plug W in the extreme negative point of 
the grid-bias battery and the wandering plug W, in the first hole nearest 
to negative terminal. This gives grid: --1.5 volt potentia] difference- 
Before this is done, reverse the connections of the voltmeter V,. ui 
the instrument is a zero-centred one, no such reversal is necessary): 
Put the plug in the key К, and note the grid-voltage, plate-voltage and 
plate-current from the respective meters. 


(7) Gradually increase the value of the positive grid-potential by 
steps of 1.5 volt by shifting the wandering plug W, to the extreme 
positive end of the grid-bias battery till the plate-current is saturated. 
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At cach step, note the grid-voltage ( Иг), the plate-voltage ( Vp) and 
tne plate-current (7,). 


(8) Repeat the whole process twice by keeping ihe plate-potential 
(Vp) fixed at two other values (say 120 volt and 140 volt). 


(9) A graph is to be d:üwn between the diferent grid-voliages 
and the consequent plate-curreats for en fixed value of the plate- 
potential. For this purpose, grid-voltages are plotted along Х- 
and plate-currents (in milliamperes) along Y-axis. 
be obtained for three fixed plate-potentials. Write the value of the 
fixed plate-potential by the side of the curve to which it belongs [Fig 
65]. These аге the mutual characteristic curves or (V, — h) carves, 


с: 
2 axis 
Three curves will 


(10) Take a point А on the curve no. 3 (corresponding to pos 
140 volts) and draw a liae AB parallel to Y-axis to meet ihe cutve no. 2 


(corresponding to V,—120 volts) at B. Then draw BC parallel to 
X-axis such that it meets the curve no. 3at С. Find the valve constants 
from the values of AB, БС, V, (ге. 140 voli) and У, (i.e. 120 volt). Also 
find the valve constants separately using the curves no. 3 and 1 (corres- 
ponding to V,--100 volt) and curves no. 2 and 1. Тлеп calculate 


the mean value of each constant from the three values Jbtained from 
ihrec curves. 


(b) Drawing (V,—I,) curves : 


Here grid potential is to be kept fixed (say, at 0, — 5, —3 volt etc.) 
and in each case, the wandering plug 
W, connected to the plate, is to 
be moved from one cell of the 
H.T. battery to another, giving the 
plate a series of increasing positive 
potentials. The consequent plate- 
currents (/,) are to be noted from the 
milli-ammeter and plate-potentials 


У9 > Уа > Ма Уд; Vg) Vay 


——> PLATE CURRENT(Ip) 


from the voltmeter V,. Plotting the S B 
values of plate-voltage (V;) along 
X-axis and plate-currents (45) along 
Y-axis, we will get (V,—I,) curve. 


“> PLATE VOLTAGE (vp) 
In this way, (V, — 7) curves dre to : 
be drawn for each fixed value of Fig. 66 
grid-potential [fig. 66]. Find the constants of the va 


t lve from the 
curves in a way described earlier. 
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Measurements : (a) Table for (Иг —1) graph : 


No. of valve—6J5 or ECC 82 
Voltage applied to the filament =6 volts. 


Current in the filament—...amp. 
Plate voltage | Grid voltage | Plate current gm Rp А u 
(Ур) (Vg) (Тр) (тһо) 
(milli-amp) 
100 volts 0 
(У) ае E а 
(Fixed) e A (From 
Т > curves 
DE по.2 &1 
+15 ) 
+. 
etc nis 
ga runc ——À —— 
0 j 
120 volts —15 
(Ve) an "i 
(Fixed) (From 
ба "curves 
+15 no. 2 & 3) 
Te 
Se 
140 volts 
(Vs) 
(Fixed) 


Calculations : (i) From curves no. 3 and 2: 


· тА=.. amp 
BC —.. .volts | 


V3 —V3-.. .volts. 


WwW 
оЈ 
~ 
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Zin -— —...mho 
BC 
R= E —...ohms 
= a E 


(ii) From curves no. 2 and 1 : as before. 

(iii) From curves no. 3 and 1 : as before. 
Mean gm=(...-+-.-++---)/3=..-mho 

Ro Cubes oe )/3—... 00m 

E u =(... +... +.. )/3=... 

(b) Table for (V, —1,) graph : 

No. of the valve=6J5 or ECC 82 

Voltage applied to the filament —6 volts 

Current in the filament —.. .amp. 


>» 


Grid voltage | Plate potential | Plate current £m Rp i 
(Vg) (Vp) (р) (mho) (ohm) 
| 
о .. volts .. та 
(Из) о» vo» 


—1'5 volts җе” 33 
(Ves) 
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Caicuiations : (i) From curves no. 3 and 2 : 


AB-—...ma-...amp ; BC—...velts ; Vj; —Vg35—... volts. 
En= 28 =...mho ; Reece ...ohm and p= me 
Vea — Vea AB Уз V 


(ii) From curves по. 2and 1: as before. 
(iii) From curves пс. 3 and 1 : as before. 


ae Mean л. 


Oral questions 


1. What are the constants of a triode valve? 
Ans. See ihe theory of the experiment. 


2. What is the utility of grid in a triode? 

Ans. Grid is a very efficient controller of the flow of electrons from the fila- 
ment to the plate. If the grid is kept at a negative potential with respect to the 
filament, the flow of electrons will be retarded and the plate current will diminish, 
On the other hand, if the grid is given a positive potential with respect to the filament, 
the flow of clectrons will be fecilitated and thereby, the plate-c4rrent will increase, 


3. For what purposes is 2 triode valve used? 

Ans. А triode valve is used to (i) rectify an alternating potential or alternating 
current (ii) to amplify a voltage signal (iii) to generate undamped high frequency 
oscillations. 

4. What are the characteristic curves of a triode? 

. Ans. Keeping Vg constant, a graph between Vp and Jp and keeping Vp con- 
stant, a graph between Vg—Jp are known as the characteristic curves of a triode. 

5. When are the characteristic curves called ‘static’ and ‘dynamic’? 

Ans. When the plate circuit of a triode does not include any load (i.e. resi. 
stance), the characteristic curves obtained are known as static curves Wh у ín 
plate circuit includes a load, the characteristic curves are known as dynamic rum 


7.7. Semi-conductors : 


Substances through which electricity can easily 
conductors. Metals, like copper, silver, gold, aluminium etc А 
good conductors of electricity. Substances through which ele: ali 
can not pass easily are called insulators. Quartz, mica sul PEA 
ebonite, wood etc are examples of insulators. Conductor М не ur, 
large number of free electrons available as charg еа 


. А € carriers but insu a 
have practically no free electrons available to conduct current lators 


Pass are called 


| 
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There are, however, a large number of solids that are neither good 
conductors of electricity nor good insulators. Their conductivity lies 
between those of good conductors and good insulators. These sub- 
stances are called semi-conductors. In them, electrons are capable of 
being moved by the application of heat, strong light or strong electric 
field. Researches are now being carried out with various semi- 
conductors—specially germanium and silicon—because with these 
semi-conductors transistors have been devised. 

Movement of charge carriers in semi-conductors : 

Silicon and germanium atom, each have four valence electrons in 
their outermost shell. The atomic pattern of atoms in silicon and 
germanium crystals is a tetrahedral structure such that each atom 
shares one of its electrons with each neighbour and the neighbour in 
turn shares one of its four with it. This is known as ‘covalent bond’ 
which maintains the crystalline solid structure. Since there is no free 
electrons in absolutely pure 
germanium (called intrinsic 
crystal), there can be no 
conduction of electricity at 
low temperatures. At room 
temperature, however, the 
thermal energy of a valence 
electron may become greater 
than the energy binding it to 
its nucleus. . The covalent 
bond is then broken. The 
electron leaves the atom and 
becomes a free electron. This Fig. 67 
leaves the atom with a valency or hole (upper right and lower left of 
fig 67). Since that part of the crystal was neutral beforehand, it 
now lacks an electron and the vacant ‘hole’ is equivalent to a net 
positive charge. 


Due also to thermal agitation, a bound electron next to a hole 
can move across to fill the gap, the net motion of the negative charge 
from one bounded position to another being, in effect, equivalent to 
the motion of a hole in the opposite direction. The motion of a hole 
is, therefore, equivalent to the motion of a positive charge, equal in 
amount to the negative charge of an electron. This has been shown 
at the lower part of the fig 67. 


In the case of a semi-conductor, however, the increase in thermal 
energy of the valence electrons due to temperature rise enables more 
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of them to break the covalent bonds and become free electrons. Thus 
more electron-hole pairs are produced which can act as charge carriers 
and facilitate conduction of clectricity. 


7.8. N-type and P-type crystals : 


A pure or intrinsic semi-conductor has charge carricrs which are 
thermally generated. These are relatively few in number. If a small 
amount of impurity is introduced into a semi-conductor (a procedure 
xnown as doping), such as one part in a million, a so-called extrinsic 
semi-conductor is formed where a large number of charge carriers ar? 
available. Both N-type and P-type crystals may be prepared by 
doping pure germanium with suitable quantities of impurities. In 
N-type crystals, conduction of electricity is done by negative electrons 
only, М representing the negative charge on an electron, while in P- 
type crystals the conduction is done by positive holes, P representing 
the positive charge on a hole. The conductivity of these extrinsic 
crystals is, obviously, much more than that of pure or intrinsic crystals. 


N-type crystals: To prepare N-type crystals, pure germanium 
crystal is doped with a small quantity of arsenic. Arsenic atoms have 
five electrons in their outermost shell or valence shell. When an atom 
Ge of arsenic is added to a germanium 
crystal, the atom settles in a lattice 
site with four of itselectrons shared 
with neighbouring germanium 
‘As atoms [Fig 68]. The fifth electron 
may thus become free to wander 
through the crystal. As each arsenic 
Ge atom donates one free electron 
to the system, the arsenic here is 
known as a donor. With arsenic 
OGe Present in quantities of one to a 
million, there are about 107 donor 

Fig. 68 atoms, contributing 10" free elec- 

trons per cubic centimeter of the 

crystal. In a good conductor like copper, there are approximately 
1023 free electrons per c.c. of the metal. 


Now due to thermal agitation, when а few bound electrons are · 


broken free of their covalent bonds, an equal number of holes are 
thereby created and the free electrons donated by the impurity rush 
to fill up the gaps. Since in this case, the number of donor electrons 
far excecds the number of unbound electrons or holes, the conduction 


Im 
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is done mainly by electrons. For this reason, the crystal is known as 
N-type crystals. 

P-type crystal: P-type crystals are made by doping germanium 
crystal with foreign atoms like aluminium, boron, indium etc. which 
are trivalent. When an atom of, say 
aluminium, is added to a germa- 
nium crystal, the atom settles ina 
lattice site and attracts an electron 
from a neighbouring atom, thereby 
completing the four valence bonds 
and forming a hole in the neigh- 
bouring atom (Fig 69). So each 
aluminium atom provides one hole 
to the system which is free to accept 
an electron.’ For this reason, the 
aluminium here is known as acceptor. Fig. 69 
By thermal agitatian, some of the bound electrons are shaken loose 
and an equal number of holes are produced. Since by far the majority 
of the charge carriers are holes and these act like positive charges ths 
conduction of electricity, in this case, is done mainly by the holes. 
For this reason, the crystal is called a P-type crystal. 


7.9. Semi-conductor diode ; 


When two semi-conductors of the P and N-types are brought into 
contact they form what is called a P-N junction or diode. Ina junction 
thus formed, electrons and holes are available in the N and P-regions 
respectively of the semi-conductors as carrier of charges. They are 
spoken of as majority carriers because in N-region, the donor electrons 
far outnumber the holes and in 
P-region, the donor holes far out- 
number the electrons. Each region 
is electrically neutral when total 
charges of all the atoms are con- 
sidered. 

If now, a potential is applied 
with the help of a battery to make 
the P-region positive [Fig 70], the 

Fig. 70 (positive). holes are repelled by the 
battery voltage towards the junction. Simultaneously, the electrons 
in the N-region are repelled by the negative battery voltage towards 
the junction. Although there is normally a potential barrier at the 
P-N junction that prevents electrons and holes from moving across and 
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combining, yet under the influence of the electric field of the battery. 
the holes and the electrons cross over the junction where they meet 
each other and combine. Thus, they cease to exist as mobile charge 
carriers. For each electron-hole combination taking place near the 
junction, a covalent bond near the positive battery terminal C, breaks 
down and an electron is liberated which enters the positive terminal. 
This action creats a new hole which moves to the right towards the 
junction. 


At the opposite end E in the N-region near negative terminal, 
more electrons arrive from the negative battery terminal and enter the 
N-region to replace the electrons lost by combination with the holes 
near the junction. These electrens, in their turn, move towards the 
junction at the right, where they again combine with new holes arriving 
there. Consequently a large current flows in the circuit as long as 
the e.m.f. is applied, in a direction shown in fig 70. А milli-ammeter 
(mA) connected with the external circuit indicates this current by the 
deflection of its pointer. 


The battery connection that permits current to flow across the 
junction in a manner described above, is known as forward bias. In 
this condition the junction offers low resistance to the passage of 
current. 


On the other hand, if the P-region is made negative and the N- 
region positive by reversing the polarities of the battery, both holes 
and electrons are attracted towards the respective terminals and away 
from the junction. As a result current flow stops almost completely 
and the junction appears to offer a very high resistance to the passage 
of current. A small reverse current of a few micro-ampere, however, 
flows across the junction due to thermally generated electron-hole 
pairs within both the P and М region. In this condition, the junction 
is said to have a backward bias. 

It is, therefore, seen that a P— N 
junction sends a strong current in a 
given direction when it receives 
a forward bias but almost none 
whenit gets a backward bias. In 
this respect, а P—N juntionis very 
Fig. 71 similar to a diode valve. 


Fig. 71 shows a symbolic representation of a semi-conductor 
diode. 


ELECTRONICS 343 


7.10. Yo draw the characteristic curves of a semi-conductor diode 
ће, P—N junction. 


Apparatus: А semi-conductor diode (for example BY127 of 
Bel) fixed on а wooden board with suitable binding screws, a voltmeter 
(0-5 volt range with 0'1 volt division), a plug commutator, a milli- 
ammeter (0-20 т.а. range), а micro-ammeter (0-20 а range), a bat- 
tery (9 vols), a plug key, a resistor of suitable value, a wandering 


plug etc. 


Circuit connections : Let the P-type crystal of the diode is con- 
nected to the binding screw C and the N-type one to the screw D by 
wire below the wooden board. [Fig. 72]. 


P-type crystal circuit: A potentiometric arrangement is made 
by connecting a battery E of low voltage (9 volt), a suitable resistor 
Rand a plug key K in series. The end A of the resistor R is joined 
to tie positive terminal and the end В to the negative terminal of the 


battery. A wandering plug W which is connected to the binding screw 


Diode 


Fig. 72 


по. 2 of a plug commutator can slide over the resistor R. The binding 
screw no. | of the commutator is joined to the screw C fixed on the 
wooden board. If the wandering plug W moves along the different 
points of the resistor R, the P-N junction will get different voltages 
which will be recorded by the voltmeter V (0-5 volt). One terminal 
of the voltraeter is joined to the wandering plug W and the other 
terminal to the point B of the resistor, which is again joined to the 
binding screw no. 4 of the commutator. 
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N-type crystal circuit : The binding screw no. 3 of the commu- 
tato- is connected to the screw D fixed on the board, through a milli- 
ammeter mA (0-20 m.a. range). If now a plug be inserted into the 
gap between the screws 1 and 2 and another plug into the gap between 
the screws 3 and 4 of the commutator, the P-region of tiie diode becomes 
connected to the positive end of the battery and the N-region to the 
negative end of the battery. Under this condition, the semi-con- 
ductor diode gets forward bias. But if thc positions of the plugs 
in the commutator be reversed i.e. if the gaps between the screws 
no. 2 and 3 and the screws no. 1 and 4 be ciosed, thé N-region gets 
connected with the positive end and the P-region with negative end 
of the battery. In this condition, the semi-conductor diode gets 
reverse or backward bias. The connection of the voltmeter V are 
to be reversed now (if it is not a zero-centred instrument) and the 
milli-ammeter is to be replaced by а micro-ammeter (0-20џ a range) 
because the current obtained in reverse bias is of the order of few 
micro-amperes. 


Theory: In a P—N junction diode under forward bias, a slight 
change in the battery voltage causes a rapid change of current. И. 
has been observed if the applied voltage be 1 or 2 volt, the current 
becomes about 20 milli-ampere—even 100 milli-amp. in some cases. 
Ifa graph is drawn between the voltages applied to the diode arid the 
consequent current, it is called the characteristic curve of the diode 
(or P—N junction) for forward bias. 

If the P-N junction be given backward bias a small current (of 
the order of a few micro-ampere) is obtained. It is found that if V is 
greater than about —0:1 volt, the current becomes constant. This 
-is called reverse saturation current which is reached at a very small 
reverse voltage. If a graph is drawn between the voltage and current, 
the curve is called the characteristic curve of the semi-conductor diode 
for backward bias : 


Experimental procedure : (1) Make connections as shown in 
fig 72. Connect the +ve and —ve termirels of the voltmeter and 
the milli-ammeter to appropriate points. 

(2) Closing the plug key К and putting the wandering plug W 
very near to the point B, apply a small potential difference (say 0:1 
volt) to the junction. Put two plugs—one in the gap between the 
screw no. 1 and 2 and the other in the gap between the screw no. 3 
and 4 of the plug commutator. This puts the junction in the forward 
bias. Мо the voltage from the voltmeter V and the current, if any, 

from the milli-ammeter (mA). [A silicon diode begins to. conduct 
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at a minimum voltage of about 0:5 volt and a germanium diode at 
about 0:3 volt). 

(3) Shifting the wandering plug W a litio towards the poiat 4, 
increase the forward bias voltage from 0-1 моћ to 0:2 volt. Та this 
condition, take the readings of the voltmeter and the milli-amn:ter, 


if any. Gradzally increase the bias 
voltage by steps of 0:1 voli till ^u И 
the current increases very high (say ER bias 
about 15 та). At every step. 28 
note the voltmeter and milli-amimeter 56 
readings. 54 

(4) Draw a graph with for- bou + 2 


ward bias voltages (in volt units) 2 4 €$ $ 


along OX axis and the current (in ?  Bias(volt)— 
milli-amp. units) along OY axis А 
[Fig. 72(a)]. This gives the charac- У 
teristic curve for forward bias. 
(5) Now reverse bias is to 
Fig. 72(a) 


be applied to the diode. Reverse 
the connection of the voltmeter У i.e. connect its -ve terminal witii 
with the wandering 


the point B of the resistor Rand the —ve terminal 
plug W. Replace the milli-ammeter by а micro-ammet-r (0-20p1.2.). 
Join its —ve terminal with the binding screw D and the +ve terminal 
with the binding screw no. 3 of the plug commutator. Now 
put two plugs—one in the gap between the screws no. (2—3) and 
the other in the gap between the other screws по. (1—4). Read 
the voltameter V and the micrometer which may not give any 
reading. 

Put the wandering plug W at a point very near the point B of 


the resistor R, so that reverse bias applied to the diode is small 
(say 0:1 volt). 

(6) Increase the reverse bias voltage by steps of 0:5 volt and in 
each step read the voltmeter and the micro-ammeter. It will be found 
that the current remains constant at a very small reverse potential. 
This is known as reverse saturation current. 


(7) Draw a graph plotting bias voltages (in volts) along OX’ 
axis and the current (in micro-ampere) along ОУ” axis. This gives 
ihe characteristic curve for reverse bias [Fig. 73]. 


346 DEGREE PRACTICAL PHYSICS 


Measurements : 
No. of semi-conductor diode=.. (say, BY127) 


(d) Table for forward bias : 


No. of | Forward bias Current 
Obs. voltage (volts) (mA) 
1. 0:1 

25 0-2 

3: 

4. 

5: 

6. ae Ac 

75 0:7 etc 

8. | 08 


(b) Table for backward bias : 


Current 


(14) 


No. of | Backward bias 
Obs voltage (volts) 


0:1 
0:5 6 
10 ++ (Saturation) 


ә 


[N.B. Both the curves—forward bias and backward bias—may be drawn 
on a single graph paper.] 


Remarks : (1) While taking readings for reverse bias, the con- 
nections of the voltmeter and micro-ammeter are to be reversed. (2) 
Silicon diode starts conducting current at а minimum voltage of about 
0-5 volt and germanium diode at a minimum voltage of about 0:3 


volt. 


bo 
> 
= 
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Oral questions 


i. What is a semi-conductor ? Name a few semi-conductors. 

Ans. Substances whose electric conductivity is intermediate between those of 
good conductors and bad conduciors are called semi-conductors. Germanium and 
silicon are two very important semi-conductors. 


2. What are P-type and N-type semi-conductor crystals ? 

Ans. Ifa silicon and a germanium crystal be doped with suitable amount of 
pentavalent impurity, large number of frec electrons arc available as charge carriers. 
In this condition, the crystal is called a N-type crystal. on the other hand, if the 
crystal be doped with trivalent impurity, a large number of holes are created which 
act as positive charge carriers. The crystal, then, is called a P-type crystal. 


3. What is a semi-conductor diode 7 What is its similarity with a valve 
diode ? 

Ans. Ifa P-type crystal and a N-type crystal be joined together, we get a se 
conductor diode. Like valve diode, semi-conductor diode also produces unidi- 
rectional current. For this reason, voth valve diodes and semi-conductor diodes 
are used for rectification purpose. 


i 


4. Does a diode offer greater or smaller resistance in the path of current 
flow during forward bias ? 

Ans. It offers smaller resistance because in forward bias, current is much 
preater than in the case of reverse bias. 


5. What effect does temperature produce on the resistance of a conductor 
and a semi-conductor ? 

Ans. For a conductor, resistance increases with the increase of temperature ; 
for a semi-conductor, resistance decreases with the increase of temperature. 


6. What is the difference between forward bias and reverse bias ? 

Ans. When the P-region of a P— № junction is given а positive potential and 
the N-region a negative potential, it is called а forward bias. The junction becomes 
conducting in forward bias. When the potentials are reversed, it is called a reverse 
bias. The junction becomes almost non-conducting during reverse bias. 


7. What is Zener voltage ? 


Ans. When the junction diode is given a reverse bias, the current is very 
small. But if the reverse bias voltage is increased gradually, at a given high volt- 
age, the current increases sharply. This particular voltage 5 called Zener voltage. 
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7.11. Semi-conductor triode : 


A transistor or a semi-conductor triode is composed of three 
semi-conductor elements, two of the P-type crystal and one of N-type 
= " is [Fig. 7A(i)]. This combination 

- ; с is referred to as Р—М—Р type 


= Р е 
emitter % Ei transistor. We can also have 
| ie b М—Р—М type transistor [Fig. 
Ain 


74(ii)] composed of two N- 
type and one P-type crystals. 

In the first case, the 
P-region on the left is called 
the emitter (е), the P-region 
on the right is called collector 

Fig. 74 (с) and the  N-region іп 

between is known as the base (b) The diagram by the side of fig. 
(i) shows the Фаргата с representation of P—N —P transistor. Simi- 
lerly, in the second case, the left-hand N-region is the emitter (e), the 
right-hand N-region is the collector (c) and the P-region in between is 
the base (5). Jis diagramatic symbol has been shown by the side 
of fig(ii). It is to be noted that as a triode valve has three electrodes 
—the plate, the filament and the grid, the transistor has three elec- 
trodes—the collector, the emitter and the base. 

Action: Consider the P—N —P iransistox first. A low voltage battery 
Е; is so connected between the base and the emitter that the emitter 
gets the positive potential while the base gets the negative potential 
[fig. 75]. Ол the other hand, а high voltage battery E, is connected 
betweenthe collector and the base 
with.its positive terminal joined to 
thebase and the negative terminal E ы P 
to the collector. Note that the 
left-hand P—N junction gets the 
forward bias while the right-hand 
P —N junction gets the reverse bias. 
Now, due to the influence of the 
battery Е, the positively charged 
holes from the P-region of the 
left hand side P—WN junction wil] Fig. 75 
cross the potential barrier at the 
junction and enter into the base (i.e. N-region). As the base is very 
thin (about 0:001" thick) and very lightly doped, almost 95% of the 
holes will cross over the base and enter into the P-region of the right 


Conventional direction of current 
== 
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side i.e. into the collector. About 5% of the holes will combine with 
the electrons in the base and will lose their conducting character. 
The holes which enter the collector are attracted by the negative termi- 
nal of the battery E, where they unite with electrons. As soon as 
a hole disappears in this way either in the base region or at the nega- 
tive terminal of the battery Е,, the covalent bond of an atom near 
the terminal of the emitter breaks down setting free an electron which 
enters into the positive terminal of the battery Æ. Tie hole created 
by the breaking of the co-valent bond travels towards the base, and 
the whole process is repeated. It is seen that by the above process, 
electricity is conducted from the emitter to the collector by the holes 
inside the crystal while in the external citcuit, the conduction is carri- 
ed out by the electrons. The conventional direction of current, in this. 
case, is from the emitter to the collector. 

The current in the collector circuit is somewhat less than the 
current in the emitter circuit, the difference being proportional to the 
number of holes that unite with electrons in the base region. The 
ratio of the collector current (Z) to the emitte: current (Z) is called 
the current amplification factor and it is denoted by a,. From the 
above, it is clear that a, can never be more than 1. 

Now, consider N—P —N transistor.: The battery connection is 
shown in fig 76. The negative terminal of the Jow tension battery 
E, is joined to the N-type crystal à 
(here the emitter) of the left hand 
side and the positive terminal to 
the base. This gives forward bias 
to the left hand side М—Р junction. 
The positive terminal of the high- 
tension battery Е, із joined to the T 
N-type crystal (here, the collector) emitter NE 
of the right hand side and the = | == li F 
negative terminal to the base. This E, E 
gives theright-hand side N —P junc- : 5 
tion а backward or reverse bias. Fig. 76 
Note that the same type of bias was also given to P— N —P “transistor. 

Here, the process of conduction of charges is exactly the same 
and in the case of P—N —P transistor. Due to the influence of the 
battery E;, electrons are repelled from the emitter towards the base 
where the electrons cross the potential barrier and enter the colléctor 
region. As the base is very thin and lightly doped, most of the elec- 
trons cross over into the collector region and being attracted by the 
positive terminal of the high tension battery Е,, enter into the positive 


Conventional direction of current 
ae EEE 
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electrode. So inside the crystal, conduction of electric charge is carried 
out by electrons from the emitter to the collector. As soon as an elec- 
tron enters into the positive electrode of the battery Es, an clectron 
from the negative terminal of the battery Е, enters into the emmitter 
region and the whole process is repeated. Here, the conventienal 
direction of current inside the crystal is from the collector to the emitter. 


7.12. То draw the static characteristic of a common emitter type 
transistor : 
Apparatus : А wooden board with suitable socket for holding 
a transistor (AC126 of B.e.l. which isa P—N—P crystal) and binding 
screws (one each for the emitter, collector and the basc), a low voltage 
battery E, (about 4 volt), a high voltage battery £, (about 20 volts), 
two plug kcys, two resistors of suitable value (R, 2nd Ro), a milli-am- 
meter mA (0-15mA range with 0'2mA divisions), a micro-ammeter 
uA(0-3001.4. range with 2:5yA divisions), a voltmeter V; (0-10 volt 
range with 0:2 volt division), a milli-voltmeter V, (0-500 mV range), 
two wandering plugs И, and W, etc. 


Circuit connections : Fig 77 shows the circuit connections. The 
arrangement is known as common emitter type arrangement because 
both the base (b) and the collector (c) are connected to the emitter 


mA(0-15mA) 


i 
1 
| 
% 


which is earth—connected. The whole circuit may be divided into 
two parts :—(i) emitter-base circuit which is known as ‘input circuit? 
and (ii) emitter-collector circuit which is known as the ‘output circuit? 


Emitter-base circuit : Suppose the three elements of the tran- 
sistor—the emitter (е), the base (5) and the collector (c) are connected 
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to the binding screws D, G and C respectively fixed on the wooden 
board. These connections are made by drawing wire below the 
board. If any voltage be applied between the emitter and the base, 
it will be called emitter-base voltage (V,,). The voltage is usually 
small and is recorded by a millivoltmeter И, connected across the screws 
С апа D. The voltage is applied by a potentiometric arrangement 
consisting of the low tension battery E}, a resistor R, and a plug key 
K,- all connected in series. The negative terminal of the battery E, is 
joined to the end A, and the positive terminal to the end B, of the 
resistor. The binding screw D to which the emitter (e) of the transistor 
is connected, is joined directly to the point B, of the resistor R, and 
finally to the earth. A wandering plug W, is connected to the binding 
screw С through а micro-ammeter (uA). The wandering plug can slide 
over the resistor Ку. When the wandering plug W, moves from B, 
towards A,, the value of V,, gradually increases. The current that 
flows in the emitter-base circuit (J,) is recorded by the micro-ammeter 
(pA). Note that by this arrangement, the base is given a negative 
potential while the emitter a positive potential (ref. fig 75). 


Emitter-coliector circuit : If any voltage be applied between the 
terminals C and D, it will be called emitter-collector voltage (Ve). 
The value of this voltage is usually high and it is recorded by the volt- 
meter У, connected across the terminals C and D. This voltage is 
applied by another potentiometric arrangement consisting of a hign 
tension battery E;, a resistor R, and a plug key K,—all connected in 
series. The negative terminal of the battery is joined to the end A, 
and the positive terminal to the end B; of the resistor. The binding 
screw D is joined directly to the end В, of the resistor and finally to the 
earth. A wandering plug W, is connected to the binding screw C 
through a milli-ammeter (mA). The wandering plug W, can slide over 
the resistor Ry. When the wandering plug W, moves frem B, towards 
А», the value of V,, gradually increases. The current that flows in 
the emitter-collector circuit (Z) is recorded by the milli-ammeter, 
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Note that by this arrangement, the emitter is given a positive potential 
while the cóilector a negative potential (ref. ће 75). 

The --ve and —ve terminals of the voltmeters and ammeters are 
to be carefully connected to the proper places &ccording to the dizgram. 
[Fig 77]. : 

Theory : (i) Keeping the emitter-collector voltage (И) constant, 
if a graph is drawn between the various valucs of Væ and the 
corresponding base currents (1), the curve obtained is called the input 
characteristic curve. A family of such curves may be drawn by giving 
Vec different fixed vaiues. | 

(ii) Keeping the base current (4) constant, if a graph is drawa 
between the various values of V,, and the corresponding collecter 
current (/,), the curve obtained is called the сатри! characteristic curve. 
A family of such curves may be drawn by giving 2, different fixed values. 

Experimental procedure : 

(i) Input characteristic curve (У, — Љу 

(1) Make circuit connections as shown in fig 77. Connect the 
+ve and —ve terminals of the meters properly es shown in the figure. 
Make the point D carth-connected, 

(2) Close the plug key К. Move the wandering plug W, slowly 
from the point B, of the resistor R, towards the point As. This gives 
increasing values to Иш. Find the point on the resistor К. where 
the wandering plug W, is to be put inorder that the voltmeter V, may 
read | volt. This makes V,,—1 volt. During the subsequent opera- 
tions, this value of V,, will be kept constant. 

(3) Now close the plug key K, and place the wandering plug W, 
very near the point B, of the resistor A,. Place the wandering plug 
W, at such a position that the milli-voltmeter V; may read 50 ти. ie. 
V,, becomes equal to 50 mV. When this is done, read the micro- 
ammeter (1A). The reading will give base current (1) at that moment. 

(4) Keeping the wandering plug W, fixed in its position, change 
the values of V, by steps of 50 mV by changing the position of the 
wandering plug Ил. At each step, take the micro-ammeter reading. 
Take, at least, five such readings. E 
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(5) Now take the plug out of the key K,. Push the wandering 
plug W, a little towards the end A, so that the voltmeter У; now reads 
3 volt. Keeping this value of 
Ре; constant, close the plug 
key K, and repeat the opera- 
tions no. 3 and 4. 

(6) In this way, the 
operations are to be repeated 
again for a constant value of 
V, equal to 5 volts. Take 
out the plugs from the keys 
K, and K;. 


Y 


(7) Draw опе curve, О 100 200 300 400 x 
between: V,, and Љ for each Veb-s(mv) 
fixed value of У,, (i.e. 1 volt. Fig. 78 


3 volt and 5 volt) This gives the family of input characteristic 
curves [Fig 78]. 

(8) Output characteristic curve ( V..—I,): 

(8) Close the plug key Ку. Shift the wandering plug W, slowly 
from the end B, towards the end А, of the resistor Ку. This increases 
the value of V,, and consequently the base current (5) Keep the 
wandering plug W, fixed at a position where the micro-ammeter (WA) 
reads, say 40 џ-атпреге. 

(9) Now close the plug key K, and put the wandering plug W, 
at such a position near B, of the resistor К, that the voltmeter reads 
0:5 volt. In this case, the emitter-collector potential i.e. У; becomes 

Y 0:5 volt. Read the milli-ammeter 
(mA). This gives the correspond- 
ing value of Г. 

(10) Keeping the wandering 
plug Ил fixed inits position, change 
the values of Р by Steps of 0°5 
volt by changing the position of the 
wandering plug W,. At each step 
take the milli-ammeter reading. 
Take, at least, five such readings till 
the voltmeter V, reads 6 ог 7 volts. 
—— kelin Voli) (11) Repeat the àbove opera 
Fig. 79 tions keeping 7, at different fixed 


values (say, 8014, 100.4 etc), 
For every fixed value of ify, у у 


у | draw а curve between И апа J. This 
gives the family of output characteristic curves [Fig 79]. у 
D. P. P.—23 i 


Ilma) 
со 
f 
= 
> 
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Measurements : 


No. of the transistor =.. . (For example АС 126, P-N—P type) 


(a) Table for V. — 1, (Data given as illustration) 


Fixed emitter 
-collector 
voltage (Vec) 


1 volt 


Drawing of graph : For every fixed value of Vec the values of 


Emitter-base 


voltage (Ves) (1) 
50 mV . pA 
100 ,, 2. 
150 ,, » 
250 ,, 


300 


У» in milli-volts аге to be plotted along OX axis and those of 1, in 


micro-ampere in ОУ axis. 


Three curves will be obtained for three 


fixed values (1V, ЗУ and 5V) of V,, [Fig 78]. 
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(b) Table for V. —1, (Data given as illustrations) 


Collector 
current (7) 


Fixed base Emitter- 
current (Jp) collector 
voltage (Ve) 


0:5 volt 
ro „ 
40рА 15, 


ВОДА . 
60 „ 
0:5 volt 
100 uA 
etc 
60 „ 


Drawing of graph : For every fixed value of J, the values of V. 
in volts are to be plotted along OX axis and those of J, in milli-ampere, 
long OY axis. Three curves [Fig. 79] will be obtained for three fixed 
values (4014, 801,4 and 1001.4) of base current (7). 


Remarks : (1) From the input characteristic curves, it is clear 
that the output voltage (V,,) has very little effect on the input charac- 
teristics except that the base current (Z5) increases with the increase of 
output voltage. The reason is that with the increase of output voltage, 
greater number of holes cross the base and enter into the collector 
region. (2) In common emitter mode, the current amplification is 
high because a slight change of base current appreciably affects emitter 
current. So, a transistor in common emitter mode is frequently used 
as an amplifier. (3) The input current is usually very small— of the 
order of few micro-ampere ; but the output current is farely high— of 
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the order of few milli-amperes. (4) The specification of meters, resi- 
stance etc as stated in the experiment may vary. 


Oral questions 


1. What is a transistor 2 How many types of transistors are there ? 


Ans. A transistor consjsts of a semi-conductor crystal sandwitched between 
two opposite kinds of semi-conductor crystals. There are two types of transistor : 
(i) P—N—P type and (ii) N—P—N type. 

2. Which type of transistor are you using ? What difference would there 
be if it were an opposite type of transistor ? 

Ans. lam using P— N—P type transistor. Had it been N—P— № transistor, 
the polarities of the batteries E; and E; should have been reversed. The connec- 
tions of the meters need also be reversed. Experimental procedure is the same. 

3. What are the similarities between a transistor and a triode valve ? 

Ans. There are many similarities, both functional and constructional, be- 
tween a transistor and a triode valve. As а tiiode valve has three electrodes, the 
transistor has also three electrodes. As a triode valve may be used as an amplifier 
so also a transistor is used as an amplifier, 

4. What are the advantages of a transistor over a triode valve ? 


Ans. A transistor has many advantages over a triode valve. Its size is very 
small, it requires very little voltage to work, it does not require any easily break- 
able vacuum chamber like a valve, it does not contain a fragile filament. A tran- 
sistor lasts much longer than a triode valve. 


5. What are the different configurations of a transistor ? 


Ans. There are three configurations : (i) Common emitter mode (ii) Common 
base mode (iii) Common collector mode. 


6. Why a transistor, in common emitter mode, can work as an amplifier ?- 
Ans. See remark no. 2. 
[Questions given in the expt. 7.10 are also applicable here] 
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Table of some important physical constants and conversion tables 


1. 


Conversion table : 


Length 


Mass 


Volume 


1 inch—2:54 cm 
1 foot—30:48 cm 


1 metre—39:37 inch 


1 metre 3-28 ft 
1 mile=1°6 km 


2. 


1 кт=0:62 mile 


Specific gravities of common substances. 


11b =453-6 gm 
116=0-454 kg 
1 gm=0-0022 Ib. 
1 kg—22 Ib. 

1 ton—2240 Ib. 
1ton—1016 kg 


Kerosene 


Hydrogen 
Air 
Carbon 
dioxide 
Nitrogen 
Oxygen 
Steam 


Brass Olive oil 
Iron Glycerine 
Aluminium Mercury 
Gold Alcohol 
Zinc Paraffin oil У 
Steel Milk 1:03 
Wax 0:87 
Wood 0-68—0:92 
МагЫе 
3. Density of water at different temperatures. 


Temperature 
CC) (gm/c.c.) ес) 

0° 0:999871 30 
4 1-00000 31 
8 0 99988 33 

10 0:99970 35 

16 0:99897 40 

20 0:99820 50 

26 0:99681 

27 0:99654 

28 0:99626 

29 


Density | Тетрегашге 


| 0:99576 


Density 
(gm/c.c.) 


0:99560 
0:99537 
0:99473 
0 99371 
0:99220 
0:99180 


1 litre=1000 c.c. 

1 gallon=4-54 litres 

1 cu.ft=28-31 litres 

1 litre=61-03 cu inches 
1 cu inch=16°39 c.c. 

1 cu inch=0-01639 litre 


. 0-000089 
0:001293 


0:001977 
0 001251 
0-001429 
0-000581 


$$$ 
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4, Elastic constants of some materials. 


Young's mod (У) |Rigidity mod(n)| Bulk mod (k) Poisson's 


(dynes/cm?) (dynes/cm?) (dynes/cm?) ratio (c) 


-7—10:2х 102 | 3:5x 104 6x 10% 0.34—0.4 
12:4—12:9x 10 | 3:6—4:6x 108 | 13—14:3x 108 | 0.25—0.35 

19—20x109 | 7:4—7:6х 108 | 165—17:-5x 108 | 0.28 
19:5—20.6х 10%} 8—8'9х 105 | 16—19 x10"| 0.25—0.31 


7x 10% 25x10 7:5 х 104} 0.34 


— M- 


5. Breaking weight for some common materials. 


Materials Breaking wt. Materials Breaking wt. 
(kilo/cm?) (kilo/cm?) 
3160 to 3980 | Steel (ordinary) 11230 
3000 » (tempered) 15810 
» (pianoforte) 2138C 


6. Surface tensions of some common liquids in contact with air 


Surface Surface 


Liquids tension Liquids tension 
(dynes/cm) (dynes/cm) 
Water 72 Paraffin oil 264 
Copper-sulphate solution” 70 Olive oil 32 ! 
Turpentine 273 Alcohol 22 


—— 
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7. Viscosity of liquids and gases. 


Viscosity 


(Poise) 


0:000183 


Liquids 


Water (at 25°C) Air (0°C) 


Olive oil Hydrogen 0-000086 
Alcohol Oxygen 0-000192 
Paraffin oil 0-000120 


Steam (100°C) 


8. Coefficients of linear expansion of solids. 


Coefficients | Substances | Coefficients 


Substances 

(per °C) (per °C) 
Cast iron 10:2x107* | Aluminium | 25:5x 10-8 
Steel 11-9x 10-в | Copper 167x 10-8 
Brass 


18:9 х 10-• | Glass 9х 10-8 


9. Specific heats of solids and liquids. 


Solids Sp. heat Liquids 
Silver 0:056 Alcohol 0:55 
Lead 0:03 Glycerine 0:58 
Zinc 0:09 Paraffin oil 0:53 
Copper 0:09 Turpentine 0:42 
Aluminium 0:219 Mercury 0:034 
Iron 0:119 Castor oil 0:508 
Marble 0:22 Mastard oil 0:501 
Ice 0:5 Aniline 0:514 
Glass 0:16 Water 1:000 
Tin 0:055 (at 70°C) 
Nickel 0:106 
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10. Coefficients of cubical expansion of liquids. 


Coefficient 
(per °C) 


15х 1075 


Water (10° — 20°) 


18:18 x 107 


108 x 1075 | Water (20°—40°) | 302x 1075 


Alcohol 


94x 107 | Water (40°—60°) | 45:8 х 107 


Turpentine 


90x 10-5 


47x 1075 | Paraffin 


1. Coefficient of expansion of air at constant pressure or at 
constant volume —0:0036. 


12. Thermal conductivities of some materials. (good and bad con- 
ductors) 


Thermal Thermal Thermal 
conductivity conductivity | Liquids | conductivity 

(c.g.s.) (c.g.s.) (c.g.s.) 

Brass Steel 0:115 1 Water 0.00147 
Copper Constantan | 0:054 Mercury 0.0201 
Aluminium Rubber 0:45 x 1078 | Paraffin oil 0.0003 

German Asbestos 3x10 | Castor oil 0.00043 

Silver Glass 25x107* 
42x 10+ | 


Silver Ebonite 


13. Mechanical equivalent of heat : 
J—42x10! ergs[cal (С.С.5.) 


J=T18 ft-lb|B.t.u. (F.P-S.) 
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14. Saturation vapour pressure of water at different temperatures 


Temp| Pressure Temp| Pressure |Temp Pressure | Temp| Pressure 


CC) mm of Не) | CC) (mm of Не) | СС) (тт of Не) | CC) (mm of Hg) 
0 4:58 26°71 55 181 
1 4924 28-32 60 149-4 
2 5:290 3001 | 65 187:7 
3 5:679 31:79 70 | 2337 
4 6:094 33:66 75 | 2893 
5 6:536 35:63 80 | 3552 
7 7:505 37:69 85 | 4338 
8 8:036 39:86 90 | 5259 
9 8:600 42:14 95 634-4 
10 9:198 55:29 | 100 | 76000 
11 9:831 71:92 
12 10-504 92:49 
13 11-217 


15. Melting and Boiling points 


Boiling point 
ес) 


Substance 


Melting point 
ес) 


Bees Wax Water 100° 
Napthalene Carbontetra chloride 76:89 
Ice Ether 34-6° 
Paraffin wax Aniline 189° 
Aluminium Carbon di-sulphide 46:3* 

Acetone 56:5? 


16. Refractive indices and dispersive powers of common subs- 


tances 
Substances .|Refr. index| Dispersive 
(н) power (œ) 


Substances |Refr. index| Dispersive 


(и)  |power (0) 
Crown glass | 1:48—1:61 Water 1:33 0:018 
Flintglass |1:58—1:96 Paraffin oil 1:44 
Diamond 2:42. Turpentine 1-47 
Mica 1:60 Glycerine 1:47 A: 
Canada Ether 1:352 0:017 


Balsam 1:530 
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17. Specific rotation of some common solutions 


Active Solvent Sp. Active Solvent Sp. 
substance rotation substance rotation 
Cane sugar | Water --66:7^ | Dextrose Water +52°5° 
Glucose 5 -F52:6? | Camphor Alcohol 4-41:0* 
Fructose —37.0° 


b —91:1° | Turpentine | Pure | 


18. Wave lengths of some of the important spectral lines 


(in Angstrom units ; 14.U.—10-8 cm) 
— 


Substance | Wave- 


Substance | Wave- | Substance| Wave- 


length length 
Q) Q) 
4159 y 3889 v 
4192 v 4026 v 
4471 b 
Argon 4198 v 4713 b 


(3 lines | Helium 4922 bg 


Potassium very 5016 2 
chloride close) 5876 y 
4259 b 6678 r 

4703 b 7065 r 

6031 o 3970 v 

4102 у 


Меоп 
5945 о 


19. Velocity of sound in different media 


5853 у | Mercury | 5461 g | Нудгореп | 4340 5 
(Vapour ! 5770 у 4861 gb 


6402 o | lamp) 5791 y 6563 r 
6507 r 
—— кес ЕЕ 


Solid Velocity Liquid Velocity Velocity 
medium (at 20°C) | medium | (at 20°C) Gas medium (at 0°C) 
metre/s metres/s metre/s 
Aluminium 5100 . | Alcohol 1210 Air 7 3317 
Brass 3400 Mercury 1407 Hydrogen 1262:0 
Copper 3560 Water 1457 Oxygen 316 
Glass 5000 Nitrogen 338 
Tron 5130 Carbon dioxide 259:0 
Steel 4990 ; 


a 


————— 
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20. Specific resistance and temperature coefficient of resistance 


———— 


meu 
Material |Sp. resistance Temp. сое Тр Material |Sp. resistance Temp. coefin 
(ohm-cm) CER (ohm-cm) CGA 
eS Lu EET hut 
Iron 12x 107* | 62 х 107" | German 
я silver 40 x 1075 2:3 t0 6 
х10-* 
Соррег 12102 42:8x10-* | Manganin 445x107* | 0:02 to 0.5 
x10-* KOs 
Eureka 49x 1079 | —04 to 0.1 | Nickel 11:8 x 107° 27x 1978 
x10 
Aluminium | 3:21 x 10-8 38x10-* | Nichrome 110x 107* 1:7 10-* 
Silver 1.63 х 102% 40:x10-* | Antimony 40:5 х 10-8 |—39:8x 107* 


ocu ie ше — SEE 


21. E.M.F. of some common cells 


Cells 
Leclanche r4 
Daniel 1:08 
Bunsen 1:85 


Storage (Acid) 20 


Storage (Alkali) 1:4 50 1-1 
a. ee SSS 
22. Е.М.Е. of common thermo-couples 


[Equation : E=at-+bt*; values of a and 6 when one junction is at 
0°С and the other at /°С] 


eS eh RUM. 


|ua 


Couple a | b 
Једу тања e ae | 
Copper-eureka 37.54x 107€ 0.0445 x 1075 
Copper iron 13.40 107* — 0.0137 x 107* 


ег see 

541—342 ; 42—9:8696 ; log 504972; 1/==0:1318 

a/2=1:414 ; 4/3—17321 ; g—980 cm/s? (c.g.s.) 
—32 ft/s? (f.p.s.) 


=— 
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LOGARITHMS 


15913 
0374 |48 12 
4812 
___|-__ [9997 [0545 0719 [0755 | 47 11 
3711 
1106 [37 то 
3610 
1430 |37 10 
36 9 
1732136 9 
36 9 
2014136 8 
36 8 
2279|35 8 
35 8 
2529/35 8 
2587 

2742 |2765|24 
247 
oe pee et 2989 [24 6 
3010 | 3032 | 3054 | 3075 3201 |24 6 
3222 | 3243 | 3263 | 3284 3404 |24 6 
3424 | 3444 |3464 | 3483 3598 |24 6 
3617 | 3636 | 3655 | 3674 | 66 |3784 | 24 6 
3802 | 2820} 3838 | 3856 3962 |24 5 
979 | 3997 | 4014 | 4021 4133 |23 5) 
arto 2166 | 4183 | 4200 4298 123 5 
4314 | 4330 | 4346 | 4362 4456123 5 
4472 | 4487 | 4502 | 4518 4609|23 5 
4624 | 4639 | 4654 | 4669 4757 |13 4 
477114786 | 4800 | 4814 || 4900 |13 4 
4914 | 4928 | 4942 | 4955 5038 |13 4 
5951 | 5065 | 5079 | 5092 5172113 4 
5185 5198 5211 | 5224 5302 [13 4 
84 || 5315 | 5328 | 7340 | 5353 5428 |13 4 
ЗБ | 5441 | 5453 | 5465 | 5478 5551 |12 4 
5563 15575 | 6587 | 5599 5670 |12 4 
5682 | 5694 | 5705 | 5717 5786|12 3 
5821 | 5832 88 | 5899 |12 3 
5933 | 5944 ботој12 3 
6042 | 6053 6117 [12 3 
6149 | 6160 6222|12 3 
6253 | 6263 6525112 3 
6355 |6365 6425 |12 3 
6454 |6464 6522 |12 3 
6551 |6561 6618 | 123 
6646 | 6656 6712112 3 
673916749 94 |6803 [12 3 
6812 | 6821 | 6830 | 68 6866 | 6875 | 6884 |6893 |12 3 
6902 | 6911 | 6920 6964 |6972 |6981 412 3 


17 21 26 
16 20 24 
1620 23 
1518 22 
141821 
14 17 20 
1316 19 
1316 19 
1215 19 
1214 17 
II 1417 
111417 
111416 
101316 
101315 
1012 15 


7| 91114 


9 112 2| 45 6| 789 


3034 38 
28 32 36 
27 31 35 
26 29 33 
25.28 32 
2427 31 
2326 29 
222529 
222528 
2023 26 
20 23 26 
19 22 2. 

192224 
1821 2; 

152023 
1720 22 
17 19 21 
161821 
16 18 20 
151719) 


151719 


8 
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141517 
131517 
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8 | 1011 12 
8| 91112 


91012 
91011 


wo 
= 
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LOGARITHMS 
о|1|2з|з[4| 5у6][7 8 zT 12314561789 


6990 | 6998 | 7007 |7016 | 7024 | 7033 | 7042 | 7050| 7059| 7067 |x 2 3 
7076 | 7084 | 7093 | 7101 |7110| 7118 | 7126 | 7135 | 7143 | 7152 | 123 
7160 | 7168 | 7177 | 7185 | 7193 | 7202 | 7210 | 7218 | 7226 | 7235 | 12 2 
7243 | 7251 | 7259 | 7267 |7275 | 7284 | 7292 | 7300 | 7308 | 7316 | 12 2 
7324 | 7332 | 7340 | 7348 | 7356 | 7364 | 7372 |7380 | 7388 | 7396 | 122 
7404 | 7412 | 7419 | 7427 | 7435 | 7443 | 7451 | 7459 | 7466 |7474 |122 
7482 | 7490 | 7497 | 7505 17513 | 7520 | 7528 | 7536 | 7543 | 7551 | 12 2 
7559 | 7566 | 7574 | 7582 | 7589 | 7597 | 7604 | 7612 | 7619 7627 | 12 2 
7634 | 7642 | 7649 | 7657 | 7664 | 7672 | 7679 | 7686 | 7694 | 7701 | 1 1.2 
17709 | 7716] 7723 | 7731 | 7738 | 7745 | 7752 | 7760 | 7767 |7774 | 112 
| 7782 | 7780 | 7796 | 7803 | 7810 | 7818 | 7825 | 7832 | 7830 |7846 | 112 
| 7853 | 7860 | 7868 | 7875 | 7382 | 7889 | 7896 | 7903 | 7910 | 7917 | 112 
7924 | 7931 |7938 | 7945 | 7952 | 7959 | 7966 | 7973 | 7980 | 7987 | 11 2 
7993 | 8000 8014 | 8021 | 8028 | 8035 | 8041 | 8048 | 8055] 112 
8062 | 8069 | 8075 | 8082 | 8089 | 8096 | 8102 | 8109 | 817618122 | 112 


8129 | 8126 | 8142 | 8149 | 8156 | 2162 | 8169 | 8176 8182 | 8189 | 112 
8195 | 8202 | 8209 | 8215 | 8222 | 8228 | 8235 | 8241 | 8248 |8254 | 112 
8261 | 8267 |8274 Я 8287 | 8293 | 8299 | 8306 | 8312 [8319 | 1 1 2 
| 8325 8331 | 8338 | 8344 | 8351 | 8357 | 8363 | 8370 | 837618382 | 1 1 2 
8388 18395 | 8401 8507 8414 | 8420 | 8426 | 8432 | 8439 | 8445 |112 
8451 |8457 | 8463 | 8470 | 8476 | 8482 | 8488 | 8494 | 8500 | 8506 | 1 1 2 
8513 | 8519 | 8525 | 5531 8537 8543 8549 | 8555 | 8561 |8567 |112 
13273 8579 |8585 |8591 | 8597 | 8603 | 8609 | 8615 | 5621 | 8627 | 112 
8639 | 8645 | 8651 18657 | 8663 | 8669 | 8675 | 8681 | 8686] 1 x 2 

8633 8698 8704 | 8710 | 8716 | 8722 | 8727 | 8733 | 8739 | 8745 |112 
8751 | 8756 | 8762 | 8768 | 8774 | 8779 | 8785 | 8791 | 8797 | 8802 | 112 
8058 FA 8820 | 8825 | 8831 | 8837 |8842|8848|8854]8859|112 
8865 |8871 | 8876 | 8582 | 8887 | 8803 8869 8904 | 8910} 8915 |112 
8921 | 8927 | 8932 | 8938 pen 8949] 8954 | 8960 | 8965 | 8971 |112|233 
7|8 90049009 |9015|9020|9025 | 112] 233 

bay 9036 56 9047 9053 9058 | 9063 | 9069 | 9074 |9079|1121233 
5 9090 |9096 | 9101 | 9106} 9112 10117 | 9122 | 9128 | 9133 | 11 2233 445 
9143 | 9149 |9154 |9159 | 9165 |9170 | 9175 | 0180 | 0156 | 11 223 31445 
9191 |9196 | 9201 | 9206 | 9212 | 9217 | 9222 | 9227 |0232 |9238 |112 233/445 
9243 |9248 | 9253 | 9258 19263 | 9269 | 9274 | 9279] 9284 | 9289 | 11 212331445 
9294 | 9299 |9304 | 9309 | 9315 | 9320 | 9325 | 9330 | 0335 | 93490 | 11 212331445 
9345 |9350 | 9355 | 9360 | 9365 | 9370 | 9575 | 9380 | 9385 | 9390 | 1 1 2 233/445 
9395 | 9400 | 9405 | 9410 10415 19420 19425 19430 |9435 |9440 | 01 1|22 31344 
9445 |9450 |9455 | 9460 | 9465 | 9469 |0474 |9479 | 9484 19180 [01112231344 
9494 |9499 |9504 | 9509 | 9513 | 9518 19523 |9528 |9533 19538 [01112231344 


9542 |9547 | 9552 | 9557 | 9562 | 9566] 9571 19576 | 9581 | 9586 | 011]22 31344 
9590 |9595 | 9600 | 9605 | 9609 |9614 019 9624 |9628 |9633 [01112231344 
9638 | 9643 | 9647 |9652 |9657 | 9661 9671 | 9675 |9680 [01 1|22 31344 
5 | 9689 | 9694 | 9699 |9703 |9708 | 9713 19717 | 9722 10727 | 01 1 |223| 344 
9731 | 973619741 |9745 |9750 | 9754 |9759 | 9763 |0768 |9773 | 01 1]22 31344 
9777 |9782 | 9786 | 9791 9795 9800 | 9805 | 9809] 9814 | 9818 Jor 1| 22 
9823 |9827 | 9832 |9836 |o RR 9845 |9850 |9854 | 9850 | 9863 [отт 225 FA 
дога [боту | goer [9026 |8030] 90249975 [poss lont 9002 отт |223 |344 
9952 [01 1|223|3 
[9956 | 9961 | 9965 Ed $974 |9976 [9913 9987 |9901 |9996 [от 1 228/234 
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2911 |2917 | 2924 
2979 | 2985 | 2992 
3048 | 3055 | 3062 
3119|3126|3133 


1016| 1019 
1040| 1042 
1064 | 1067 
1080 | 1091 
1114 | 1117 
1140 | 1143 
1167 | 1169 
1194 | 1197 
122211225 
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1279 | 1282 
1309 | 1312 
1340 | 1343 
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4|5|8|7 


8 | 9 [1381456] 280 
3192 | 3199 | 3206 | 3214 | 3228 | 3228 | 12. 2|3 € 4| 5 6 7 
3266 | 3273 | 5281 | 3289 | 3296 | 3304 122 |3 à 5| 5 6 7 
3342 3350 3357 | 3365 | 3373 | 3381 | 122|3 4 51567 
201 3428 | 3436 | 3443 | 3451 [3459 #2213 4 5| 6 6 7 
3499 | 3508 | 3516 [3524 | 3532 | 3540 | 2273 4 5| 6 6 7 
3581 | 3580 | 3597 , 3606 | 3614 | 3622 | seals 4 5| 6 7 
НИ 
375013 45 
3837 | 384612355 | 3864 | 3873 | 3882 [12319 4 516 7 8 
3926 | 393613545 | 3954 |3963 | 3072 12314 8 516 9 8 
о У | 4018 4027 | 4036 | 4046 14255 | 4064112314 6 6167 8 
61 4111 |4121 14130 [4140 | 4150 | 4160 [52314 5 6| 7 8 9 
62 4207 |4217 4227 | 4236 | 4246 4256 12314 $ 6178 9 
68 4305 | 4315 [4325 | 4335 | 4345 14355 [12314 5 6| 7 8 о 
64 4405 4416 1442614436 [4446 |4457 12314 5 6| 7 8 9 
5 4508 |4519]452914539]4550|4560]123|a 6 61 7 8 о 
"66 || 4571 | 4581 | 4592 | 4603 | 4613 | 462414634 | 4645 | 4656 | 4667 |12 3| 56 i 910 
62 || 4677 | 4688 | 4699 | 4710 | 4721 | 4732) 4742 |4753] 4704 4275] 12314 57 910 
*68 || 4786 | 4797 4808 | 4819 | 4831 | 4842 | 4853 | 4552 | 4875 | 4887 123|4 6 7] 8 oto 
*69 || 4898 | 4909 | 4920 4932 | 4943 | 4955 | 4966 | 4977 | 4539 | осо 22375 6 71 8 9:0 
70 || 5012 | 5023 | 5035 | 5047 | 5958 | soso] 5682 | 5093 | 5195 | 51171124 567 8 om 
*21 || 5129 | 5140 | 5152 | 6164 | 527615188 | 5200 52:215224|5236|124]5 6 7| 8101 
#78 || 5248 | 5260 | 5272 5284 5297 | £309 | 5321 [57331 5346. 5358112415 6 7| ото 
78 || 5370 | 5383 | 5395 | 5408 | 5420 5433 | 5445 | 54581 5470| 5483 13418 6 8 91011 
524 || 5495 | 5508 | 5521 | 5534 [554615559 | 5572 [5535 | 5508 | 5610 | 134 5 6 8| 91012 
"7B | 5623 | 5636 | 5649] 5662 | 2675 | 5689 | 5702 | 5755 | 5728 | 5741 | 134|5 7 8 91012 
77615754 | 5768 | 5781 | 5794 | 5028 | 5821 5634 | 5848 | 5861 | 5875 [13418 7 8| оттта 
+97 || 5888 | 5902 | 5916 $929 [5943 5957 | 5970 | 5084 5098 Gora |134|5 9 8101: га 
78 || 6026 БОЗО 6053 | 6067 |668: 1509516109 | 6124 | 6138 |6152 | 1345 7 811011 53 
•20 || 6166 | 6180 [6194 6209 | 6223 623716252 2250 16281 |6295 | 1-3 416 7 91015 53 
О || 6310 | 6324 | 6330 5353 | 6262 638316397 | 6:12 [6427 | 6442 | 13 4|6 7 о|тотгт 
81 ||6457 [6471 164861651 16516 | 659i 1672616261 (6577 | 5592 23516 8 9| хз та H 
a |6307 [6622 |6637 16653 | 6668 | 6865 | S209 | 6724 [6750 674523 5|6 8 olar ra 14 
E] | 6761 6776 |6793 16823 | 6832 | 6855 16871 | 6887 |6002 23516 8 911113 14 
154 || 6918 16934 | 6950 | 6965 |6982 1698 |7015 [701 |7047 |7063 |235|6 810|11 1316 
BE | 7079 7096 | 7112 | 129 | 71,45 | 7161 17178 | 7194 | 7211 72281235|7 810|1213 15 
186 || 7244 | 7251 | 7278 | 7295 1431117328 | 7345 | 7362 | 7379 | 7305 235|7 810|1213 15 
:87 117413 7430 |7447 | 7464 | 7482 | 7409 17516 | 7534 | 7551 | 7568 23517 9 t0|12 14 16 
:88 || 7580 |7603 | 7621 |7638 | 7656 7674 | 7691 |7709 | 7727 |7745 24517 911|1234 16 
"89 || 7762 | 7780 | 7798 | 7816 12834 | 7852 7870 | 7889 |7907 |7925 | 24 5| 7 915 3314 16 
90 | 7943 | 7963 7980 |7998 | 8017 | 8035 {8054 | 8072 |8c91 |8110|24 6 11| 3385 2 
| 2128 8147 0266 1995 8204 |8222 | 8241 1326018270 |8299 |246 H 2n + 1; и 
8318 |8337 | 8356 | 8375 | 8395 | 8414 |8433 [8453 | 8472 | 8402 24681012 |134 15 17 
5 8531 |8551 |8570 |8550 8610 |8530 | 8652 8670 | 8600 |2 4 618 10 12 t4 1618 
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(Numbers in difference columns to bo subtracted, not added.) 


7 
ARAL AL ALARA LAE 
o*9 | ovr 2 | 5°.3 P 5 i 0"6 | 0*7 133 
1'000 [2:000 |1*600 |1*000 |1:000 |1:000 | 9999 9959 | 9999 | 0 2 2 
538 |237 leat mer |957 [9507 98 TE 
3 oo 
3386 [9283 [9983 3 1 9983 |9981 | 9980 [0979 ос 
"9976 |9974 | 9973 | 9973 {9971 |9969 19968 19956 оо 
9962 | 9960 19959 | 9957 9956 9954 |9952 Rete o1 
"9945 |9943 | 9942 | 9940 |9938 | 0936 | 9934 от 
"9925 |9923 | 9921 | 9919 | 9917 | 9914 91 
9900 | 9898 | 9895 |9893 oo ої 
"9877 987. 9871 | 9869 19866 о: 
9848 19845 я о 9836 ema 11 
9810 |9812 19310 | 9806 [9803 | 9799 11 
0781 [9778 a 9770 |9767 |9763 14 
79744 ee 9736 | 9732 19728 19724 i 22 
*9703 9694 | 9690 | 9686 | 9681 [122 
*9659 9655 9650 | 9646 | 5641 | 9636 re2 
"9613 9603 | 9598 [9593 | 9588 122 
“9563 19558 19553 | 9548 |9542 |9537 183 
*9511 [9505 [2500 9494 9 | 9483 123 
9455 |9442 13344 | 9438 19432 | 9426 123 
19397 | 959% 19385 | 9379 |9373 | 9367 193 
:9336 [0330 | 9323 | 9317 [9311 |9304 123 
9272 |9265 |9259 ase 9245 |9239 123 
"9205 |9198 | 9191 | 9184 [9175 |9171 123 
79135 [9128 |9121 | 9114 |9107 9100 ] 9092 + 124 
79063 | 9056 | 9048 | 9041 |9033 | 9226 | 0018 | cort 134 
8988 | 8980 | 8973 | 8965 | 8957 | 8049 | 8042 |8932 134 
"8910 | 8902 | 8894 | 8886 | 8878 | 8870 18862 [58 4 | § 234 
“8829 |8821 | 8813 | 8805 | 8796 | 8788 | 8780 | 8 7i 51134 
18746 18738 | 8729 |8721 |8712 8704 |8695 а 866911 3 4 
*EN60 |8652 | 8643 | $634 | 8625 | 8616 | 8607 | 8599 | 8500 | 8581 | x 
8572 |8503 |8554 | 8545 | 8536 | 8526 |8517 |8508 3490 8400 2 35 
"8480 |8471 | 8462 |8453 | 8443 |8434 | 8425 8415 | 8456 | 8396 2 3 5 
8387 13377 | 8368 | 8358 | 8348 8339 | 8329 | 5320 | 8310 | 8300 |2 3 5 
ts 8281 | 8271 |8261 |8251 |8241 8231 |8221 |8211 | 8202 |2 3 5 
*8192 | 8181 | 8171 | 8163 8151 | 8141 | 8131 | 8121 | 8111 | 8100 |2 
79009 8070 | 80509: soa) Snap oa 303$ | 2007 | 7997 | 2 3 
7986 |7976 | 7965 2955 |/9 44 |7934 | 7222. 7913 | 7902 1780112 45 
1880 |7869 | 7859 |7848 | 7837 | 7326 17815 | 7804 7793 |7752 |2 4 5 
ae E 7749 |7738 17727 |7716 | 7705 | 7604 | 7683 [7672 |2 4 6 
:2660 | 7649 | 7638 | 7627 | 7615 |7604 | 759317581 
“7547 17536 | 7524 |7513 | 7501 | 7490 2401 [7366 7 Jis Из 216 
dr n а 735$ 7353 1313 3301 [73 ees 7337 | 7325 |246 
73 i 2 242 117230 | 7218 | 7206 
“7493 |7181 | 7169 | 715% | 7145 713317120 7158 7096 7983 246 
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NATURAL TANGENTS 


0176 | o212 
0538 | 0575 
0913 | o951 
1303 | 1343 
1708 | 1750 
2131 | 2174 
2572 | 2617 
3032 | 3079 
3514 | 3564 
4019 | 4071 
4550 | 4605 
5108 | 5166 
5697 | 5757 
6319 | 6383 
6909 | 6977 | 7045 
7675 | 7747 
8418 | 8495 | 8572 | 8650 
9210 | 9292 | 9375 | 9458 
2:0057/2-0145|2:0233|2-0323|2:041 
1060 | 1155 | 1251 
1943 | 2045 
2998 | 3109 
4142 | 4262 
5386 | 5517 


0247 | 0283 
0612 | 0649 
0990 | 1028 
1383 | 1423 
1792 | 1833 
2218 | 2261 
2662 | 2708 
3127 | 3175 
3613 | 3665 
4124 | 4176 
4659 | 4715 
5224 | 5282 
5818 | 5880 
6447 | 6512 
7113 | 7182 


7820 | 7893 


3220 | 3332 
4383 | 4504 
5649 | 5782 
6746 | 6889 | 7034 | 7179 
8239 8397 | 8556 | 8716 
9887 |3'0061|3:02373:041 53" 
1716 | 1910 | 2106 | 2305 
3759 | 3977 | 4197 | 4420 
0959 | 6305 | 6554 | 6806 
8667 | 8947 | 9232 | 9520 
1653 | 1976 2303 2635 
5107 | 5483 | 5864 
9152 | 9594 |5'0045 
3955 | 4486 | 5026 
9758 j6:0405/6-1066/6- 
6912 | 7720 | 8548 
6996 


